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.ABSTRACT
The p re p a ra tio n  of a number of so lu b le  d e r iv a tiv e s  of 
ph thalocyan ine has been c a r r ie d  out* These d e r iv a tiv e s  have been 
used to  s tudy  th e  arom atic  r in g  by p ro ton  m agnetic resonance sp ec tro ­
scopy. From th e  r e s u l t s  of th e se  s tu d ie s  some conclusions have been 
made concern ing  th e  s t ru c tu re  and a ro m a tic ity  o f th e  ph thalocyanine 
m acrocycle.
S p e c if ic  s tu d ie s  have been c a r r ie d  out on d ia lk o x y -s il ic o n -  
ph thalocyan ines and some evidence has been pu t forw ard fo r  th e  
s t ru c tu re  o f th e se  compounds from p ro to n  m agnetic resonance s tu d ie s . 
D eu te ra tio n  has been used as a technique to  e lu c id a te  some ambiguous 
fe a tu re s  o f th e  P.M.R. s p e c tra .
T e tra  - a lk y l  -ph th a lo cy an in es  have been prepared  from a lk y l 
s u b s t i tu te d  in te rm e d ia te s  and have been found to  have enhanced 
s o lu b i l i ty  in  chloroform . P ro ton  m agnetic resonance s tu d ie s  
in d ic a te d  th a t  m olecular ag g reg a tio n  occurred  in  concen tra ted  so lu tio n
I t  has been shown th a t  ag g reg a tio n  i s  in h ib i te d  by s u b s t i tu e n ts  
in  th e  5 and 6 c o -o rd in a te  p o s it io n s  a tta ch e d  to  th e  c e n tra l  m etal and 
P.M.R. s tu d ie s  on th e se  compounds have proved to  be o f in te r e s t s  in  
p a r t i c u la r ,  d i - a lk o x y - s i l ic o n - te t r a k is ( 4- t-b u ty l) -p h th a lo c y a n in e s  have 
been examined. Some sug g estio n s  have been made as to  th e  e f f e c t  of 
s u b s t i tu e n ts  upon th e  a fo m a tic ity  of th e  m acrocycle.
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P e rip h e ra l s u b s t i tu t io n  o f t -b u ty l  groups has been suggested  as 
a  s u i ta b le  g en era l method fo r  s o lu b i l i s in g  the  m acrocycle fo r  P.M.R. 
s tu d ies*  In  th i s  way, the  s t ru c tu re  o f b is (p h th a lo c y an in e )—t i n  has 
been in v e s t ig a te d  and some new evidence fo r  th e  s tru c tu re  of th i s  
compound i s  presented*
F in a l ly ,  chem ical s h i f t s  were used to  c a lc u la te  th e  a ro m a tic ity  
o f th e  m acrocycle, and th e  r e s u l t s  o f th e se  c a lc u la tio n s  a re  d iscu ssed .
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IUTRODU CTIOH
The f i r s t  reco rd  of what must undoubtedly have been 
ph tha locyan ine  was made in  1907 "by Braun and T c h e m ia c ^ ^ .  They
observed  a b lu e  co lou r when o-cyanobenzamide was fu sed . In  1927?
(2 )de B iesbach and von d er WeidN '  observed the  fo rm ation  of a b lue 
compound when o-dibromobenzene was heated  w ith  cuprous cyanide 
and p y rid in e  in  a sea led  tu b e . They m istaken ly  id e n t i f ie d  t h i s  as 
a p y rid in e  complex and were amazed a t  th e  therm al s t a b i l i t y  o f the 
compound. Prom l a t e r  evidence i t  can be concluded th a t  the  
compound th ey  prepared  was copper ph tha locyan ine .
In  1928, chem ists working a t  S c o tt is h  Byes (Grangemouth) 
i s o la te d  a b lu e  pigment from th e  v a ts  where phthalim ide was 
p rep ared  from p h th a lic  anhydride and gaseous ammonia. This d is ­
covery , and th e  subsequent fo rm u la tio n  o f th e  b lue compound by 
L in stead  and h is  coworkers a t  Im peria l C o l le g e ^ ’ ^ 9 ^ 9 ^  le d  
to  the  in tro d u c tio n  of one of th e  most re v o lu tio n a ry  chromophores in  
th e  d y e s tu ffs  in d u s try .
P hthalocyanine i s  an alm ost pure s p e c tra l  blue compound, and 
as such has proved of g re a t va lue  in  th e  d y e s tu ff  and pigment f i e l d .  
The copper d e r iv a tiv e  o f ph thalocyan ine was m arketted  in  1934 by 
I .G . I .  as M onastral Blue B S, a very  v a lu ab le  pigment f o r  p a in ts  and 
p l a s t i c s .  The rem arkable therm al and l ig h t  s t a b i l i t y  o f the  com­
pound adds to  i t s  d e s ira b le  p ro p e r tie s  as a pigm ent. I t s  in so lu ­
b i l i t y  in  p a in t media i s  a lso  u se fu l s in ce  i t  g ives o p ac ity  to  the
p a in t  f ilm . However th e  compound had to  he made w ater so lu b le  to
be o f any use as a t e x t i l e  d y e s tu f f . The arom atic  na tu re  of the
m acrocycle has made su lphonation  p o s s ib le , and conversion to  th e
( 8 )sodium s a l t  gave a w ater so lu b le  compound' . This techn ique has
been used com m ercially in  the  p re p a ra tio n  o f phthalocyanine ac id
(9)dy es. C hlorom ethylation has a lso  been ach iev ed ' '  and subsequent 
rq u a te n isa tio n  w ith  n itro g e n  and su lphur bases has lead  to  w ater A
so lu b le  d e r iv a tiv e s  which have s u b s ta n t iv i ty  f o r  c e l lu lo s e . This 
i s  th e  b a s is  o f th e  A lc ian  dyes of I .C . I .  Phthalocyanines have 
a lso  found use as p o ly m e r is a t io n ^ ^  and o x id a tio n ^  ^  c a ta ly s ts ,  and 
much work has been done on th e  photoconducting p ro p e r tie s  of the  
compound^
L instead  in  th e  1930’s showed th a t  the  b lue compound is o la te d  a t
S c o t t is h  Dyes L td . was the  iro n  complex of a macrocycle which had a
(13)s im ila r  b a s ic  s t r u c tu r a l  u n i t  to  th a t  proposed fo r  th e  porphyrins 
X -ray  c ry s ta llo g ra p h ic  measurements by R obertson, in  h is  c la s s ic  
experim en ts , ^ ^ 5 ^ 5 ^  confirm ed th i s  s t r u c tu r e .
L instead  went on to  dem onstrate th a t  a la rg e  number o f m e ta lla ted
(17)p h th a locyan ines could be prepared  by a v a r ie ty  of methods' . The 
ph tha locyan ine  r in g  has proved a very  in te r e s t in g  lig an d  in  
c o -o rd in a tio n  chem istry  due to  the  r ig id  p la n a r  s t ru c tu re  imposed by 
th e  fo u r  in n e r r in g  n itro g e n  atoms. The more genera l methods fo r  
th e  p re p a ra t io n  of ph thalocyan ines a re  i l l u s t r a t e d  in  the  fo llow ing
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eq u atio n s  8-
Pc H + MX High boilir1^  so lv en t 
^ ^ Gog. q u in o lin e  ^
Po M + .2HX
CN
4
CONH
4
NH'
4 NH-
NH'
300+ M 0 u Pc M
dry o r w itn  
so lv en t
+ M 30<? Pc M + 4Ho0 — >  2
I I
I I I
dry
+ MX, so lv en t
e .g . formamiae
Pc M + 4Mf IV 
ild  J
Pc L i £ + I!IX2 S 0 lv en t>  Po M + 2 LiX V
room temp.
(HB. P c = ph thalocyan ine)
R eactions I I I  and IV may a lso  "be c a r r ie d  out u s in g  m etal s a l t s  or 
m eta l o x id es. In  a d d itio n , a f u r th e r  commercial method VI 
c o n s is ts  in  h e a tin g  a p h th a lio  d e r iv a tiv e , norm ally the  anhydride, 
o r  a l te r n a t iv e ly  the  im ide, w ith  u rea  in  the  presence of a m etal o r 
m etal s a l t  and ammonium molybdate o r zirconium  te tr a c h lo r id e  as 
c a ta ly s t  This i s  known as the  u rea  m elt method fo r  the
p re p a ra tio n  of ph tha lo cy an in es .
The m etal f r e e  d e r iv a tiv e  i s  u s u a lly  p repared  by the  dom etal- 
l a t io n  of d i-sodium , calcium  o r magnesium ph thalocyan ines u sin g  
a c id ic  c o n d itio n s . However i t  can a lso  be p repared  from 
1 , 3-d iim in o iso in d o lin e  by h e a tin g  in  a hydrogen donor so lv en t such
- l i ­
a s  t e t r a l i n .
Phthalocyan ines owe t h e i r  commercial im portance a t  l e a s t  in  
p a r t  to  t h e i r  extrem ely low s o lu b i l i ty  in  sim ple so lven ts*  However,
t h i s  p ro p e rty  makes a chemical s tudy  of the  compound co n siderab ly  
more d i f f i c u l t  than  i t  would o therw ise  be. The aim of t h i s  work 
was to  p repare  some so lu b le  d e r iv a tiv e s  of th e  macrocycle w ith the  
o b je c t of o b ta in in g  P.M.R. s p e c tra .  The u ltim a te  goal was a method 
f o r  th e  s o lu b i l i s a t io n  o f a l l  p h th a locyan ines, so th a t  the  general 
chem istry  of m e ta lla ted  ph thalocyanines could be s tu d ied  by P.M.R. 
spec tro scopy . Also i t  was thought p o ss ib le  to  ga in  in fo rm ation  
about th e  r in g  cu rren t induced by th i s  type of system and provide a 
measure of th e  a ro m a tic ity  of th e  m acrocyclic r in g .
The low s o lu b i l i ty  of phthalocyanine i s  b e liev ed  to  be due to  
th e  v e ry  compact n a tu re  of th e  m acrocycle. The r in g  i s  p la n a r and 
q u ite  sym m etrical. I t  has been shorn by X -ray w o r k ^ ^ ,  th a t  the  
ph thalocyan ine  r in g s  tend  to  s ta c k  w ith in  the  c ry s ta l  l a t t i c e  as 
shown in  P ig . I .  The in te rp la n a r  M-H "bonding" would be absen t in  
th e  porphyrins and th i s  would ex p la in  th e  co n sid erab ly  h igher so lu ­
b i l i t y  of porphyrins over ph tha locyan ines.
I t  i s  much e a s ie r  fo r  the  so lv en t m olecules to  p e n e tra te  the 
c ry s ta l  l a t t i c e  and so fo rce  th e  m acrocyclic r in g s  a p a r t .
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F ig . I
The approach considered  in  th i s  work was to  a t ta c h  a lk y l chains 
to  th e  ph thalocyan ine r in g .  The e f f e c t  upon th e  s o lu b i l i ty  should 
he  tw o -fo ld .
i )  To d e s tro y  th e  m olecular symmetry o f the  macrocycle w ithout 
a f f e c t in g  the  arom atic  c h a ra c te r . The r e s u l t  would he th a t  mole­
c u la r  s ta c k in g  would become more d i f f i c u l t  and the  in h e ran t s t a b i l i t y  
o f  th e  c r y s ta l  l a t t i c e  would be reduced. Hence so lv en t m olecules 
would be ab le  to  p e n e tra te  th e  l a t t i c e  and allow  so lv a tio n  of the  
compound#
i i )  The hydrophobic n a tu re  of the compound would be in c reased
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and henoe a lso  i t s  ‘o i l ’ s o lu b i l i ty .
As a r e s u l t  of th e se  e ffe c ts*  th e  attachm ent o f a lk y l chains to  
th e  macrocycle would have l i t t l e  e f fe c t  upon th e  s o lu b i l i ty  in  p o la r  
so lv e n ts  h u t th e  s o lu b i l i ty  in  non-po lar so lv en ts  should he in c reased .
Two methods were a v a ila b le  fo r  th e  in tro d u c tio n  of a lk y l chains 
in to  th e  ph thalocyan ine r in g .
i )  The attachm ent o f a lk y l chains to  the  c e n tra l  m e ta ls-
Kenney and h is  c o w o r k e r s h a v e  re p o rted  the  p re p a ra tio n  of a number
o f c e n tra l  m etal s u b s t i tu te d  ph th a lo cy an in es , such as the  6 -c o -o rd in a te
d ia lk o x y -s il ic o n  ph th a lo cy an in es , and have shown th a t  th ese  compounds
have a much in c reased  s o lu b i l i ty  in  benzene. Also di~alkoxy -
(21)germanium compounds have been re p o r te d ' 7 and d i^a lkoxy  - ti ta n iu m  
(22 )compounds' 7 bu t th e se  have not been s tu d ie d  h e re .
i i )  The attachm ent of a lk y l chains to  th e  p e rip h ery  of th e  r in g s -
T his method has more advantages th an  the  f i r s t  s in ce  no l im i ta t io n  is
p laced  on th e  n a tu re  of the  c e n tra l  m eta l. However, a ttem pts a t
(23)d ir e c t  a lk y la t io n  of ph thalocyanine have lead  to  m ixtures . For 
our p re sen t s tu d ie s  we re q u ire  compounds of d e f in i te  c o n s ti tu t io n .
Hence i t  has been necessa ry  to  sy n th es ise  s u b s t i tu te d  ph thalocyanines 
from a lk y l s u b s t i tu te d  p recu rso rs  of e s ta b lish e d  s t ru c tu re .
T i-a lk o x y  -s ilic o n -p h th a lo o y a n in e s  have been prepared  here and 
have been shown to  have h igh  s o lu b i l i ty  in  chloroform . Also t e t r a
(a lk y l)-p h th a lo cy a n in e s  have been prepared  and th e se  compounds a lso  
a re  extrem ely  so lu b le  in  non-po lar s o lv e n ts . A s e r ie s  of compounds 
have been p repared  in  which th e  phthalocyanine r in g  is  s u b s t i tu te d  
b o th  a t  i t s  p e rip h e ry  and a lso  on the  c e n tra l  m eta l. The s o lu b i l i ty  
o f th e se  compounds i s  extrem ely  high and th e i r  P.M.R. sp e c tra  have 
proved most in te r e s t in g .  L a s tly , a number of tin -p h th a lo cy an in es  
have been p rep ared , in c lu d in g  b is (p h th a lo c y a n in e ) - t in | and P.M.R. 
spectro scopy  has beed used in  an a ttem pt to  c l a r i f y  the  s t ru c tu re  of 
t h i s  unique compound. Some new evidence i s  p resen ted  which in d ic a te s  
th a t  b is  (p h th a lo c y a n in e )- tin  has a tru e  f,sandwich,r s t ru c tu re .
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S E C T I O N  I
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DI-ALKOXY. -SILICON-PHTHALOCYANIEES
A) Di-Alkox.y. -S ilico n -P h th a lo cy an in e  Compounds
i )  H is to r ic a l  s— The s i l i c o n  ph thalocyanine compounds were
0  ^24*1d isco v ered  in  1960 by Kermjy and h is  cow orkersv ♦ E a r l ie r
( 1‘
a tte m p ts , by L in stead , to  p repare  th e se  compounds in  1936 had f a i le d  
Kenney p repared  d ic h lo ro -s ilic o n -p h th a lo c y a n in e  by th e  re a c t io n  of
1 , 3-d iim in o iso in d o lin e  w ith  s i l i c o n  te t r a c h lo r id e  u s in g  q u in o lin e  as 
s o lv e n t . The product was i s o la te d  as a c r y s ta l l in e  s o l id  by 
f i l t r a t i o n  of th e  hot re a c tio n  m ix tu re . This compound was hydrolysed 
to  d ih y d ro x y -s ilico n -p h th a lo cy an in e  by a number o f methods, th e  most 
e f f i c i e n t  be in g  to  r e f lu x  d ic h lo ro s i l ic o n  ph thalocyanine w ith 
p y rid in e  and 0 .88  ammonia. The dihydroxy d e r iv a tiv e  could then  
be  f i l t e r e d  from th e  re a c t io n  m ix tu re .
I t  was shown th a t  d ih y d ro x y -silico n -p h th a lo cy an in e  was a 
r e a c t iv e  sp ec ie s  and would undergo s u b s t i tu t io n  by c e r ta in  hydroxylic  
s p e c ie s .  P ih y d ro x y -silico n -p h th a lo cy an in e  was a lso  found to  undergo 
s e l f  condensation  w ith  the  fo rm ation  o f a polym eric compound. A 
more in te r e s t in g  re a c tio n  however i s  the  fo rm ation  of d i-a lk o x y  -  
s i l ic o n -p h th a lo c y a n in e s . These a re  formed by th e  re a c tio n  of 
d ih y d ro x y -s ilico n -p h th a lo cy an in e  w ith  a l ip h a t ic  a lc o h o ls . The 
f a c to r s  which in flu en ce  th e  re a c t io n  a r e s -
i )  The a c id i ty  o f th e  R-OH re a c ta n t ,
i i )  The s tre n g th  of th e  Si-OR l in k  formed.
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i i i )  The in s o lu b i l i ty  o f Pc Si(0H ) 2 in  o rgan ic  so lv e n ts ,
iv )  The re a c t io n  tem p era tu re .
I t  has been s ta te d  by K e n n ^ '^  th a t  more a c id ic  hydroxylic  
compounds such as phenol o r t r ic h lo ro e th a n o l w il l  re a c t more r e a d i ly  
th a n  le s s  a c id ic  a lc o h o ls . I t  i s  a lso  p o ss ib le  to  d isp lace  one 
re s id u e  by an o th e r, employing a more a c id ic  a lco h o l. Thus Pc S i 
(0CH2 C6 h5 )2 in  re f lu x in g  benzyl a lcoho l in te r a c t s  w ith  tr ip h e n y l-  
s i l a n o l ,  to  y ie ld  th e  s i lo x id e .  The im portance o f i i i )  and iv )  
on  the  r e a c t io n  r a te  i s  d iscu ssed  below.
I t  has been suggested  th a t  the  most l i k e ly  mechanism fo r  th i s  
r e a c t io n  invo lves th e  fo rm ation  o f s ilico n iu m  i o n s ^ ^ .
OH(Pc.Si)OH OH(Pc.Si) & 2 "**2°^ O H (Pc.fi)
j 0E"
OH(Pc.Si)OR
The f a c t  th a t  th e  a c id i ty  of th e  R-OH re a c ta n t i s  ap p aren tly  
.im portan t, and th a t  the s ilico n iu m  io n  can probab ly  d e lo c a lis e  i t s  
p o s i t iv e  charge in to  the  phthalocyan ine r in g  by use o f i t s  d and 
d o r b i t a l s  a lso  f i t s  in  w ith  t h i s  h y p o th e s is .
I t  has been shown th a t  th e  d i-a lk o x y  -s ilic o n -p h th a lo o y a n in e s  
undergo h y d ro ly s is  to  a v a ry in g  degree, depending on the  n a tu re  of 
th e  alkoxy s u b s t i tu e n t .  The h y d ro ly s is  r a te  has been shown to  be 
enhanced by th e  presence  o f a c id , bu t l i t t l e  h y d ro ly s is  has been
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shown to  tak e  p lace  in  th e  presence  of s tro n g  a l k a l i T h i s  
su g g ests  th a t  the f i r s t  s tag e  in  th e  h y d ro ly s is  i s  p ro to n a tio n  of 
th e  oxygen atom. Subsequently* th e re  i s  s c is s io n  of th e  weakened 
b r id g e .
An in te r e s t in g  fe a tu re  of two d i-a lk o x y  -s ilic o n -p h th a lo o y a n in e s  
re p o r te d ^ ^ *  i s  th e  low m eltin g  p o in ts  of th ese  compounds. 
P h thalocyan ine compounds in  general* a re  ex trem ely  th e rm a lly  s ta b le ,  
and th i s  r a th e r  p e c u lia r  fe a tu re  i s  undoubtedly a r e s u l t  of bulky 
groups reducing  th e  in h e ran t s t a b i l i t y  o f th e  ph thalocyanine c ry s ta l  
l a t t i c e .  The s o lu b i l i ty  o f th e se  compounds in  non-po lar so lv en ts  
i s  a lso  in c re ase d  and th i s  fe a tu re  i s  b e liev ed  to  be due to  th e  
i n s t a b i l i t y  of th e  c ry s ta l  l a t t i c e .  The bulky  groups tend  to  push 
th e  arom atic  r in g s  a p a r t and allow  so lv en t m olecules to  p e n e tra te  th e  
c r y s ta l  l a t t i c e
The somewhat in c reased  s o lu b i l i ty  of d i-a lk o x y  - s i l i c o n -  
ph t halo  cyanines makes them p o te n t ia l ly  in te r e s t in g  compounds f o r  use 
i n  P.M.R. s tu d ie s .  Methods have been found whereby th e  s o lu b i l i ty  
o f  d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e s  can be in c reased  g re a t ly ,  and 
th e se  methods a re  d esc rib ed  below.
i i )  D iscu ssio n :-  C erta in  d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e  
compounds have been re p o rte d  where in c re a se s  in  s o lu b i l i ty  have been 
n o tic e d . These inc lude  d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e s  where 
th e  a lk y l group i s  a sim ple s t r a ig h t  carbon ch a in . These compounds
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would be of i n t e r e s t  i f  t h e i r  P.M.R. sp e c tra  could be o b ta in ed . 
However, a l l  the  compounds re p o rte d  have a s o lu b i l i t y  which i s  too 
low to  be of any use in  th i s  re s p e c t .  I t  was thought th a t  th e  
f i e l d  held  s u f f ic ie n t  p o s s ib i l i t i e s  fo r  f u r th e r  work.
B is(o c tad ecan -l-o x y )—s ilic o n -p h th a lo c y a n in e  has been re p o rte d  
by  Kenney as a c r y s ta l l in e  compound m.p. 152°? and having 
in c re ase d  s o lu b i l i ty  in  benzene. This compound has been p repared  
and has been used as a b a s is  f o r  the  p re p a ra t io n  of much more 
so lu b le  d e r iv a t iv e s .
1 , 3-D iim in o iso in d o lin e  was p repared  by th e  r e a c tio n  of
(2  6 )o -p h th a lo n i t r i le  w ith  l iq u id  ammonia in  an a u to c la v e ' • I t  was
converted  to  d ic h lo ro -s ilic o n -p h th a lo c y a n in e  by h e a tin g  w ith  s i l i c o n
(27)t e t r a c h lo r id e ,  in  q u in o lin e ' ' .
H.B. The above d iag ram atic  re p re s e n ta t io n  f o r  phthalocyanine 
w i l l  be used throughout t h i s  th e s i s .
In v e s t ig a t io n s  of d ic h lo ro -s ilic o n -p h th a lo c y a n in e  have shown th a t  
th e  c h lo rin e  atoms a re  a lso  r e a c t iv e ,  and so h y d ro ly s is  to
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d ih y d ro x y -silico n -p h th a lo cy an in e  i s  unnecessary . D ic h lo ro -s il ic o n -  
ph thalocyan ine  was allow ed to  re a c t w ith  a number o f a lco h o ls  in  
re f lu x in g  xylene fo r  th re e  days, and in  a l l  c a se s , where th i s  
method was used , th e  y ie ld  of d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e  
was h igh . The long re a c t io n  tim es , which a re  needed f o r  h igh  
y ie ld s ,  a re  ap p a ren tly  due to  th e  very  low s o lu b i l i ty  of d ic h lo ro -  
s ilic o n -p h th a lo c y a n in e  in  th e  re a c tio n  medium. The so lv en t 
used  was sodium d r ie d , so th a t  hydrogen ch lo rid e  gas would be 
expelled  from th e  s o lu tio n  d u ring  th e  re a c t io n .
In  a l l  cases th e  work up procedure was th e  same. The xylene 
so lv en t was removed by d i s t i l l a t i o n  under reduced p re ssu re  and th e  
p roduct was d isso lv e d  in  benzene. The benzene s o lu tio n  was 
chromatographed on alum ina (Brockmann a c t iv i ty !  2) u s in g  a benzene 
e lu e n t .  The h ig h ly  p o la r  im p u ritie s  tended to  be adsorbed, and 
th e  much le s s  p o la r  ph thalocyan ine  passed  down th e  column. The 
e lu en t was c o lle c te d  and evaporated  to  d ry n ess. The product was 
c r y s ta l l i s e d  from l ig h t  petro leum . The d i— alkoxy - s i l i c o n -  
ph thalocyan ine  c r y s ta l l i s e d  as b lu e -g reen  need les  w ith  a red  r e f le x .
B is(o c tad e ca n -1 -o x y )-s ilic o n -p h th a lo c y an in e  was p repared  by a 
s im ila r  procedure to  the  above. Although i t s  s o lu b i l i ty  was 
co n sid e rab ly  h ig h er th an  most known p h th a lo cy an in es , i t  was too 
in so lu b le  f o r  P.M.R. work. B is (o c tan -1 -o x y )-s ilic o n -p h th a lo c y an in e  
has been p repared  by Kenneyi^Q) b is (o c ta n -2 -o x y ) - s i l ic o n -  
ph tha locyan ine  has been p repared  h e re , bu t b o th  compounds have a
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s o lu b i l i t y  which i s  co n sid e rab ly  lower th an  b is (o c ta d e c a n - l-o x y )-  
s il ic o n -p h th a lo c y a n in e •
However b is (d e ca n -1 -o x y )-s ilic o n -p h th a lo cy a n in e  has been 
prepared  and th e  s o lu b i l i ty  of th i s  compound i s  co n sid e rab ly  h ig h e r 
th a n  e i th e r  th e  e ig h t o r e ig h teen  carbon chain  d e r iv a t iv e s .  I t  
appears t h a t ,  so f a r  as s a tu ra te d  a lk y l chains a re  concerned, th e re  
i s  an optimum chain  len g th  absrve which the  s o lu b i l i t y  d ec rea se s .
I t  appears th a t  a t  t h i s  p o in t ,  the  s t e r i c  e f f e c t  i s  le s s  im portan t 
and m olecular weight co n s id e ra tio n s  beg in  to  ap p ly . The e f f e c t  
i s  summarised in  Fig* I I .
*
i
SOLUBILITY steric effect
M.W. effect
CHAIN LENGTH
F ig . I I
The s t e r i c  e f f e c t  o f the  a lk y l chain  can be in c reased  by 
reduc ing  th e  degrees of freedom of th e  a lk y l ch a in . Hence by in t r o ­
ducing  a double bond in to  th e  a lk y l ch a in , i t  becomes more r ig i d  and 
more d i f f i c u l t  to  s ta c k  w ith in  th e  c ry s ta l  l a t t i c e .  An im portan t
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fe a tu re  i s  th a t  th i s  occurs w ithout any in c re a se  in  m olecular w eight. 
Hence i t  may he expected th a t  u n sa tu ra te d  a lco h o ls  should re a c t  w ith  
d ic h lo ro -s ilic o n -p h th a lo c y a n in e  to  g ive d i-a lk o x y  compounds having 
g re a t ly  in c reased  s o lu b i l i ty .
This has been found to  be s o | and fu rtherm ore i t  has been shown 
th a t  the  e f f e c t  i s  more pronounced in  the  case of c is  o le f in s  th an  
t r a n s .  The r e l a t iv e  s o lu b i l i t y  of a number o f d i-a lk o x y  - s i l i c o n -  
ph thalocyan ines i s  shown in  Table I .  B is (o c ta d e c a n -1 -o x y )-s ilic o n -  
phthalocyan ine be ing  th e  on ly  known compound o f the  s e r i e s , i s  taken  
a s  having u n it  s o lu b i l i ty .
TABLE I
r
R e la tiv e  S o lu b i l i ty  (P e tro l 60-80)| 22
B is(o  c tad ecan -1-oxy )-  
s i l i  co n -ph t halo  cyanine 1
B is (o c ta d e c -9 (c is )e n -1 -o x y )-  
s ilic o n -p h th a lo cy a n in e 270
B is (o c ta d e c -9 ( tra n s ) en-1-oxy)-  
s ilic o n -p h th a lo cy a n in e 6 .3
B is(d ecan -1 -o x y )- 
s i 1i  con-phthalo  cyanine 1.6
B is(u n d ec-1 0 -en -1 -o x y )- 
s i 1i  con-pht halo cyanine 13.8
The low m elting  p o in t o f long chain  d i - a lk o x y - s i l ic o n -  
ph tha locyan ine  has been a t t r ib u te d  to  th e  s t e r i c  e f f e c t  o f th e  a lk y l 
c h a in  w ith in  th e  c ry s ta l  l a t t i c e .  However i t  ap p ea rs , from the  
compounds p rep a red , th a t  th e  c r i t e r i a  a f f e c t in g  s o lu b i l i ty  a re  not th e
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same with, resp-ect to  m elting  p o in t ,  i . e .  Though the  s o lu b i l i ty  of 
b is (o c ta d e c a n -1-o x y )-s ilico n -p h th a lo cy a n in e  i s  le s s  th an  b is (d e c a n -
1-o x y )-s ilic o n -p h th a lo c y a n in e , i t s  m elting  p o in t i s  co n sid e rab ly  
low er. I t  must be s t r e s s e d  th a t  though an optimum chain  le n g th  
has not been observed f o r  low m e ltin g  p o in t ph th a lo cy an in es , i t  may 
w e ll occur a t  even lo n g er chain  le n g th s , and th e re  i s  room fo r  
f u r th e r  work h e re .
The e f f e c t  of u n s a tu ra tio n  w ith in  th e  chains i s  as expected . 
The m elting  p o in ts  decrease  in  th e  o rd e r : -  s a tu ra te d  ;>  t r a n s ­
u n sa tu ra te d  c is -u n sa tu ra te d . The r e s u l t s  a re  summarised in  
Table I I .
TABLE I I
M elting P o in t (°C)
B is(o c tad ecan -1 -o x y )- 
s i 1i  con-pht halo cyanine 155
B is(o c tad e c -9 -(tran s )e n -1 -o x y )-  
s ilic o n -p h th a lo cy a n in e 134-135
B is(o c ta d e c -9 ( c i s ) en -1 -o x y )- 
s ilic o n -p h th a lo cy a n in e 125
B is(decan-1 -oxy) -  
s ilic o n -p h th a lo cy a n in e 207
B is(undec-10 -en -1 -oxy )- 
s i 1i  con-pht ha1o cyanine 174
I t  has been shown th a t  many long chain  d i-a lk o x y  - s i l i c o n -  
ph thalocyan ines tend  to  decompose slow ly  above 200°. The decom­
-  24-
p o s i t io n  p roducts a re  suspec ted  to  "be th e  long chain  a lco h o l and a 
polym eric s i l i c o n  ph tha locyan ine .
A number o f experim ents have been c a r r ie d  out in  the  p re p a ra tio n  
of long chain  d i* a lk o x y  -s ilic o n -p h th a lo c y a n in e s  where th e  alkoxy 
group con ta in s  a s u b s ti tu e n t  o th e r th an  a double bond. One compound 
has been p repared  in  which the  alkoxy group co n ta in s  a te rm in a l 
e th y l e s te r  grouping . I t  has been shorn th a t  the  e f fe c t  upon 
s o lu b i l i ty  and m elting  p o in t i s  s im ila r  to  the  presence o f a double 
bond, b u t even more pronounced. The r e s u l t s  summarised in  Table I I I  
g ive  th e  s o lu b i l i t i e s  r e l a t iv e  to  b is (o c ta d e c a n -1- o x y ) - s i l ic o n -  
p h th a lo cy an in e .
TABLE I I I
P e l .S o l . M eeting
(p e tro l  60- 80 ) ;22° p o in t °C
B is (11-carbethoxy-undecan-1-oxy)S i Pc 42 145
B is(undec-10-en-1-oxy)S i Pc 13.8 174
i i i )  In te r lo c k in g  Ring Compounds- The p re p a ra tio n  of a number 
o f  long  chain  d i-a lk o x y  -s i lic o n -p h th a lo c y a n in e s  have been d e sc rib ed .
I t  i s  apparen t from m olecu lar models th a t  th e  f i f t h  methylene 
group w il l  overlap  th e  edge of the  ph thalocyan ine r in g ,  w ith  th e  
ch a in  in  a f u l l y  extended conform ation. The compounds a re  e f fe c ­
t i v e l y  a v e ry  long  ’a lk y l ’ chain  w ith  a ph thalocyan ine  u n it  c e n tr a l ly  
s u b s t i tu te d  and p e rp en d icu la r to  th e  d i r e c t io n  of th e  chain  a t  th a t  
po in t#  I t  i s  u se fu l to  co n sid e r th e  r e l a t iv e  s iz e s  of th e  con­
s t i t u e n t  groupings in  th ese  compounds. For example, th e  ph th a lo ­
cyanine u n i t  in  b is (o c ta d e c a n -1-o x y )-s ilic o n -p h th a lo c y a n in e  i s  a 
r e l a t iv e ly  sm all p a r t  o f th e  bu lk  of the  m olecule.
ALKYL CHAIN
PHTHALOCYAUUSE
RING BIS (OCTADECAN-1-GXY)-
SILICON-PHTHALOC YANINE
Because o f  th e  le n g th  of th e  a lk y l chain  compared w ith  th e  s iz e  
o f  th e  ph thalocyan ine r in g ,  th e re  i s  th e  p o s s ib i l i t y  of l in k in g  th e  
a lk y l chains o u ts id e  th e  arom atic  r in g ,  so producing  an in te r lo c k in g  
r in g  ph thalocyanine
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T h is  compound would be of i n te r e s t  f o r  a P.M.R. s tudy  because th e  
p ro tons a sso c ia te d  w ith  th e  a lk y l ch a in , would, a t  d i f f e r e n t  p o in ts  
a long  the  chain  s u f fe r  bo th  s h ie ld in g  and d is h ie ld in g . Prom the  
r a t i o  of sh ie ld ed  to  d esh ie ld ed  pro tons i t  should  be p o ss ib le  to  
a sse ss  f a i r l y  p re c is e ly  th e  diam agnetic a n iso tro p y  o f the  
ph thalocyan ine  r in g .
The a cy lo in  re a c t io n  was used in  an attem pt to  r in g  c lo se  
b i s (11-ca rb e th o x y -u n d ecan -1 -o x y )-s ilico n -p h th a lo cy an in e . The
(28)r e a c t io n  i s  n o tab le  f o r  i t s  use in  th e  fo rm ation  o f la rg e  r in g s '  .
Only a few m illig ram s of a g reen  product were is o la te d  however, and 
th i s  was shown by T.L .C . to  be a m ixture of s e v e ra l compounds. I t  
appeared t h a t ,  under th e  re a c t io n  co n d itio n s  used , the  S i-0  bonds 
had undergone s c is s io n .
However, th i s  remains a p o te n t ia l ly  v e ry  in te r e s t in g  p o s s ib i l i ty  
and o th e r methods of r in g  c lo su re  might be more su cc e ss fu l in  
a t ta in in g  i t .
B ) P ro ton  Magnetic Resonance S tu d ies
i )  H is to r i c a l s- Phthalocyanine i s  an arom atic  m acrocycle, and 
as such i s  in te r e s t in g  f o r  p ro to n  m agnetic resonance s tu d y . The 
e f f e c t  o f th e  induced m agnetic f i e l d  a sso c ia te d  w ith  th e  TT - e le c tr o n  
system  on th e  p ro to n  m agnetic resonance s p e c tra  o f arom atic  compounds 
i s  w ell known. S im ila r e f f e c t s  would be expected f o r  p h tha locyan ine .
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(2q)B ecker' 71 in  1J60 p repared  a so lu tio n  o f phthalocyanine in  
d e u te r io su lp h u r ic  a c id , and ob ta ined  a p ro to n  m agnetic resonance 
spectrum  in  th i s  s o lv e n t. He observed a broad doublet a t  0.41 and 
1 , 48X. However, th e  pigment alm ost c e r ta in ly  e x is te d  in  s o lu tio n  
as th e  d i-c a t io n  and as a r e s u l t  th e  observed bands would be to  lower 
f i e l d  th an  th e  t ru e  p o s it io n  f o r  p h tha locyan ine . The c e n tr a l  N-H 
pro tons would not appear in  th i s  spectrum  because o f p ro to n  exchange 
w ith  th e  so lv e n t.
L a te r  work by L e v e r a n d  by S aram es^^ has made use o f th e  
d ic y a n o fe r ra te  complex of F e l l  ph thalocyanine to  s tudy  P.M.R. sp ec tra .
Fe 2K
Iro n  I I  P hthalocyanine complexes w ith  KCU in  methanol to  g ive a
B ipotassium  d ic y an o fe rra te  complex which i s  so lu b le  in  m ethanolic
KCN. The P.M.R. spectrum  was ob tained  in  t h i s  so lv e n t , and th e
(29)broad doublet observed by B ecker' appeared re so lv ed  in to  an 
1 1AA XX second o rder s p l i t t i n g  p a t te rn .  The spectrum  was analysed  by
( )Samines and th e  coupling  co n stan ts  o f th e  system  re p o rte d  . The 
observed chemical s h i f t s  of O.87T and 2 . l 8 T f o r  th e  arom atic  p ro tons 
were to  h igher f i e ld  th a n  th o se  re p o rte d  by Becker, s in ce  p h th a lo ­
cyanine in  th i s  complex i s  not p ro to n a ted . Even so i t  i s  d oub tfu l 
i f  th e se  bands rep o rted  a re  th e  tru e  chemical s h i f t s  f o r  the  arom atic
-28r-
p ro tons of phthalocyanine* The cyanide groups a re  co -o rd in a ted  to  
th e  iro n  atom, so form ing an o c tah ed ra l complex. The n eg a tiv e  
charge of th e  d ic y a n o -fe rra te  anion w il l  p robab ly  be d e lo c a lis e d  over 
th e  7T - e le c t r o n  system  of th e  phthalocyan ine r in g .  Hence th e  
observed chem ical s h i f t s  w il l  p robably  be to  h ig h e r f i e l d  th an  th e  
t ru e  ph thalocyan ine arom atic  bands.
The b e s t way to  overcome th i s  d e lo c a l is a t io n  o f charge would be 
to  p repare  so lu b le  d e r iv a tiv e s  o f ph thalocyan ine  which a re  no n -io n ic  
i n  c h a ra c te r . These would need to  be so lu b le  in  chloroform  and 
carbon te t r a c h lo r id e ,  th e  b e s t so lv en ts  f o r  P.M.R. work. The only  
re p o r ts  of any compounds s a t i s f y in g  th e se  requ irem en ts appeared in  
th e  l i t e r a t u r e  during  th e  course o f t h i s  work. Konney and h is  
c o w o rk e rs^ ^ ’ have re p o rte d  th e  p re p a ra tio n  o f s i l i c o n  and 
germanium phthalocyanine compounds which had been s o lu b i l is e d  by 
a s e r ie s  o f bulky  o rganosiloxy  groups. They have re p o rte d  th e  
P.M.R. s p e c tra  of a number of th ese  complex compounds in  so lv en ts  
such as CC1  ^ and CDC1^. Of p a r t ic u la r  i n t e r e s t  i s  M ethy l-ch lo ro - 
s i l i c o n  ph thalocyan ine which had been s o lu b i l is e d  by causing  i t  to  
re a c t w ith  a complex o rg a n o s ilan o l.
The compound prepared  i s  i l l u s t r a t e d  below : -
CH,
O.SiCH_ 
I 3
(CSi(CK3 ) 3 ) 2
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The pro tons on tho methyl group appear to  come to  resonance a t
16.33T* This high f i e ld  s h i f t  i s  undoubtedly due to  th e  high
degree o f sh ie ld in g  a sso c ia te d  w ith  t h e i r  p o s i t io n  im m ediately above
th e  arom atic r in g .  S im ila r e f f e c ts  have been observed in  th e  
(35)po rphyrin  s e r i e s '1 • This in  tu rn  confirm s th e  arom atic n a tu re  
o f  th e  m acrocycle.
The arom atic  pro tons a sso c ia te d  w ith  th e  phthalocyan ine r in g  
have been quoted as coming to  resonance a t 0 . 29T and  *\ ,66V.
These values are  in te rm ed ia te  between th e  v a lu es  re p o rte d  by 
Becker and those  of Sammes. They a re  more l ik e ly  to  be th e  t ru e  
chem ical s h i f t s  of th e  arom atic p ro tons o f p h tha locyan ine .
The sp e c tra  o f th e se  s i l i c o n  ph thalocyan ines has not been f u l ly  
an aly sed  however, a lthough  th e  chemical s h i f t s  a re  g iven . The work 
g iven  in  th i s  s e c tio n  makes use o f long  chain  alkoxy groups as 
s o lu b i l i s in g  groups, and i t  must be emphasised th a t  no work on the  
P.M.R. sp e c tra  of s i l i c o n  ph thalocyan ines had been re p o rte d  when 
th i s  work was c a r r ie d  o u t.
i i )  P ro ton  M agnetic Resonance S pec tra  o f d i—alkoxy - s i l i c o n -  
p h th a locyan ines 8 -  I t  has been shown th a t  th e  s o lu b i l i ty  of 
di-< alkoxy -s ilic o n -p h th a lo c y a n in e s  can be g re a t ly  in c reased  by a 
number o f methods w ithout r e s o r t in g  to  s p e c if ic  s o lu b i l i s in g  groups. 
B is(decan~ 1- o x y ) - s i l ic o n  ph thalocyanine was p repared  by th e  re a c t io n  
o f  decyl a lco h o l w ith  d ic h lo ro -s ilic o n -p h th a lo c y an in e*  The compound
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was found to  have co n sid erab ly  h ig h er s o lu b i l i ty  in  non-po lar 
so lv e n ts  th an  any d i —alkoxy -s ilic o n -p h th a lo c y a n in e s  re p o rte d  in  
th e  l i t e r a t u r e .  The s o lu b i l i ty  of t h i s  compound was s u f f i c i e n t ly  
h igh  in  chloroform  and carbon te t r a c h lo r id e ,  to  give P.M.R. 3p e c tr a .  
The sp e c tra  re p o rte d  in  th i s  s e c tio n  were a l l  run on th e  'V arian  
A60t , 60 Mc/s sp ec tro m ete r, and in  many cases were run  a t  e lev a ted  
tem peratu re  to  in c re a se  th e  s o lu b i l i ty .
The spectrum  of b is  (decan -1 -o x y )-s ilico n .-p h th a lo cy an in e  i s  
conven ien tly  considered  in  two p a r t s s -
i )  The low f i e l d  arom atic  reg io n ,
i i )  The h igher f i e ld  a l ip h a t ic  re g io n .
i )  Aromatic R egion*-
At f i r s t  s ig h t th e  spectrum  appeared to  be subdiv ided  in to  two
sym m etrical q u a r te rs  cen tred  a t  0 .43X and  I . 78T. C loser exam ination
however rev ea led  th a t  th e re  were a t  le a s t  s ix  l in e s  in  each group
1 1and th e  spectrum  was t r e a te d  as an AA XX second o rd e r case .
Si
,N Hi 1a.
1 1The th e o r e t ic a l  AA XX second o rd e r spectrum  c o n s is ts  o f tw elve l in e s
1 1corresponding  to  in te r a c t io n s  between A and A , A and X, A and X
•j
X and X • By making s u i ta b le  measurements and approxim ations from
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th e  spectrum , i t  was p o ss ib le  to  c a lc u la te  th e  coupling  co n stan ts  
f o r  th e  system . This da ta  i s  ta b u la te d  in  Table IV.
TABLE IV
Chemical S h if t Coupling C onstants
«A
ha1
%  -  4 9 3 -5 %  (1 -78X) 
\>A = 574-Oo/s (0 .43x) 
“  8 0 .5 o /s(i.3 5 p p n )
JM  * W "  7 -81° / s
J^ Q^ 1 83 r]
JA1X “ JAX1 "  1*°9C/ S 
JAA1 = 0 , 55c /s
The th e o r e t ic a l  spectrum  was c a lc u la te d  and found to  f i t  very  
c lo se ly  w ith  th e  o r ig in a l .  The sp e c tra  a re  shown in  P ig . I I I .
As expected th e  chemical s h i f t s  of th e  arom atic  pro tons l i e s  
between th e  v a lues observed by Becker and by Sammes, in d ic a t in g  th a t  
th e se  chemical s h i f t s  a re  n e a re r  th e  tru e  value  f o r  ph tha locyan ine .
(  T  "3
The values ob ta ined  a re  q u ite  s im ila r  to  those  ob ta ined  by Kenney^ 
a lthough  th e  chem ical s h i f t s  re p o rte d  here appear to  s l ig h t ly  
h ig h e r f i e l d .  The d iffe re n c e  between the  A and X va lues i s  a 
measure of th e  d e sh ie ld in g  e f f e c t  and hence th e  a ro m a tic ity  o f the  
system . The f ig u re  ob ta ined  of 1.35 p»p»m. i s  very  c lo se  to  th e  
v alues ob ta ined  by Sammes in  th e  B ipotassium  d ic y an o fe rra te  system .
-3 2 -
Fip; I I I  
OBSERVED SPECTRUM
i
600 550 500 c/s
CALCULATED A A ^X 1 SPECTRUM
*00 550 500 c/s
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A lip h a tio  R egions-
The decanoxy chains a sso c ia te d  w ith  th e  ph thalocyan ine  r in g  
and co v a len tly  hound to  s i l i c o n  appear as a hroad hand u p f ie ld  of 
8 .5 T .  An in te r e s t in g  fe a tu re  i s  th a t  th i s  hroad hand extends to  
h ig h e r f i e l d  th an  10T*. There a re  in  f a c t  th re e  hroad hu t d i s t in c t  
hands cen tred  a t  10 ,5T* 1 1 .5 T an d  12X(Fig® IV a). The in te g ra t io n  
o f  th ese  hroad peaks in d ic a te d  th a t  th ey  corresponded to  fo u r , 
e ig h t and fo u r  p ro tons re sp ec tiv e ly *  I t  has heen deduced th a t  
th e  th re e  hands o r ig in a te d  from the  pro tons of th e  f i r s t  fo u r 
m ethylene groups along each chain , n e a re s t to  th e  s i l i c o n  atom.
CM,
:h
When an arom atic  compound i s  p laced  w ith in  a m agnetic f i e l d ,  induced 
p re c e s s io n a l motions of th e  e le c tro n s  s e t  up a diam agnetic f i e ld  
( i . e .  one which opposes th e  ap p lied  f i e l d  a t  th e  cen tre  of th e  r in g
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Fig JV
T.M.S.
OBSERVED SPECTRUM (a )
m
10 11 12 T
T.M.S.
OBSERVED SPECTRUM (b )
11 1
10 11 12 X
T.M.S.
OBSERVED SPECTRUM ( c )
1
10 11 12 t
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sy stem ). O utside th e  p e rip h e ry  o f th e  r in g  th e  secondary induced 
f i e l d  i s  p a r a l le l  to  th a t  a p p lie d , as shown in  the  above diagram . 
Hence pro tons held  on th e  p e rip h e ry  of the  r in g  w ill  experience the  
a d d it iv e  e f f e c ts  o f bo th  ap p lied  and induced f i e l d s .  The apparen t 
resonance p o s i t io n  i s ,  as a r e s u l t ,  lower th an  th e  expected p o s i t io n  
o f  a p ro ton  in  a s im ila r  non-arom atic environm ent. The opp o site  
e f f e c t  i s  observed when a p ro to n  i s  held  above th e  cen tre  of an 
arom atic  r in g .  The a c tu a l f i e l d  experienced  by th e  p ro ton  i s  
l e s s  th an  th e  ap p lied  f i e ld  because of the  s u b tra c tiv e  e f f e c t  of th e  
induced f i e l d .  Hence pro tons held  in  such an environment w ill  
appear to  re so n a te  a t  h igher f i e l d .
The f i r s t  fo u r methylene groups along th e  alkoxy chain  are  
b e lie v e d  to  e x is t  in  such an environm ent, and so would be expected 
to  re so n a te  a t  h igh  f i e l d .  I t  has been shown by m olecular models 
t h a t  th e  f i r s t  fo u r methylene groups along th e  a lk y l chain  cannot 
p o s s ib ly  overlap  the  edge of th e  ph thalocyan ine  r in g  even w ith  the  
ch a in  in  i t s  f u l l y  extended conform ation. In  t h i s  p o s i t io n , the  
f i f t h  group appears to  overlap  th e  b ridge  n itro g e n  atoms. Only 
w ith  fu r th e r  methylene groups i s  the  p e rip h e ry  of th e  r in g  exceeded.
So only  th e se  l a s t  m ethylenes w il l  give norm al, o r p o ss ib ly  low f i e l d ,  
s ig n a ls .
For m olecules in  s o lu t io n , th e  a lk y l chain  w il l  c o n s ta n tly  be 
moving and w il l  s u f fe r  d i f f e r e n t  sh ie ld in g  every  in s ta n t .  Hence 
an  1av erag e1 chem ical s h i f t  i s  observed. Since methylene groups
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numbers f iv e  onwards w i l l ,  f o r  a p e riod  o f tim e , s u f fe r  some 
d e sh ie ld in g , th e  expected average chemical s h i f t  f o r  th ese  w il l  be 
co n sid erab ly  lower th an  fo r  th e  groups numbers one to  four*
METHYLENE groups along the chain
However i t  would appear th a t  th e  measured chemical s h i f t  i s  not 
a tru e  av erag e# The broadening o f th e  l in e s  i s  not a fu n c tio n  of 
th e  re s o lu tio n  s in ce  th e  low f i e l d  arom atic  reg io n  appears h ig h ly  
resolved# I t  i s  concluded th a t  in  so lu tio n  th e  a lk y l chains move 
r e l a t i v e ly  slow ly and th e  in d iv id u a l resonance p o s itio n s  ten d  to  be 
observed corresponding  to  a p a r t i c u la r  conform ation. The d i s t r i ­
b u tio n , and th e  maximum in d ic a te s  th e  chemical s h i f t  o f th e  most 
l i k e ly  conform er.
A p re c ise  assignm ent o f th e  high f i e l d  peaks to  th e  in d iv id u a l 
methylene groups was somewhat d i f f i c u l t .  The f i r s t  m ethylene group 
a long  th e  chain  would be expected to  s u f fe r  th e  g re a te s t  sh ie ld in g  
s in ce  i t  i s  n e a re s t to  th e  c en tre  o f th e  arom atic  r in g . However th i s  
group i s  ad jacen t to  a more e le c tro n e g a tiv e  oxygen atom and a down- 
f i e l d  s h i f t  would be expected . The magnitude and ex ten t of th ese
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o p p o s ite  e f fe c ts  was not known, a,nd so a c tu a l assignm ents could  h a rd ly  
be made w ithout a fu r th e r  s tu d y .
A ttem pts were made to  p repare  compounds having a su lphur b rid g e  
in s te a d  o f oxygen in  th e  hope th a t  the decrease  in  e le c tro n e g a t iv i ty  
would cause an u p f ie ld  s h i f t  o f th e  f i r s t  m ethylene group and so 
make assignm ents possib le*  However, though th e  re q u ire d  compound 
appeared to  be formed during  th e  reac tio n ^ u n ex p ec ted ly  decomposed 
upon work up. S p e c if ic  d e u te ra tio n  was then  examined as a means 
to  d e ta i le d  in te r p r e ta t io n  of th e  P.M.R. spectrum .
i i i )  P eu to ra ted  Pi*: Alkoxy —S il ic o n —P hthalocyan ines s—
P e u te ra tio n  of o rgan ic  compounds has f re q u e n tly  been c a r r ie d  
ou t to  s im p lify  p ro ton  m agnetic resonance s p e c tra .  The deu teron , 
although  m agnetic, comes to  resonance a t  a d i f f e r e n t  frequency  from 
th e  p ro to n , a t  a g iven  f i e l d  s tr e n g th , and hence does not give 
s ig n a ls  in  a P.M.R. spectrum . Also th e  s p l i t t i n g  p a t te r n  a sso c ia te d  
w ith  p ro to n -p ro to n  s p in -sp in  in te ra c t io n s  a re  s im p lif ie d  s in ce  th e re  
i s  only  weak o r  e f f e c t iv e ly  no coupling  to  deuterium .
The s im p lest method of d e u te ra tin g  th e  m ethylene groups a long  
th e  a lk y l chain  in  th e se  compounds was to  s u b s t i tu te  deuterium  in to  
th e  chain  o f th e  chosen a lco h o l p r io r  to  re a c tio n  w ith  d ic h lo ro -  
s i 1ico n -p h th a lo cy an in e . The long chain  a lco h o l s e le c te d  was
undec-10- e n - 1- o l  f o r  two re a so n s :-
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i )  The high s o lu b i l i ty  o f b is (u n d e c -1 0 -en ~ 1 -o x y )-s ilic o n - 
ph tha locyan ino •
i i )  U ndec-10-en-1-oic a c id  was re a d ily  a v a ila b le  in  a pure 
s t a t e .
cx-  P e u te ra t io n : -
Undec-10-en-1 ^ - d g - l - o l  was p repared  by th e  re d u c tio n  of th e  
e th y l e s te r  o f undec-10- e n - 1- o ic  ac id  u s in g  l ith iu m  aluminium 
d e u te r id e . The product was made to  re a c t  w ith  d ic h lo ro - s i l ic o n -  
phthalooyanine to  g ive b is (u n d e c -10- e n -1 j l - d g - l - o x y J - s i l ic o n -  
ph th a lo cy an in e . The P.M.R. spectrum  of th i s  compound (F ig . IVb) 
c le a r ly  lacked  th e  high  f i e l d  peak a t  12.09  £ w^ich was p re sen t in  
th e  spectrum  o f th e  u n d eu tera ted  s p e c ie s . I t  could thus be con­
cluded th a t  t h i s  h igh  f i e l d  peak was due to  th e  cx-m ethylene group, 
i n  s p i te  o f i t s  p o s it io n  a d jacen t to  oxygen.
The second broad band corresponding  to  e ig h t pro tons was seen 
to  show some f in e  s t ru c tu re  in  the  spectrum  of th e  <*»-dideuterio 
compound. An approxim ation to  a t r i p l e t  a t  1 1 .6 T c o u ld  be seen  and 
was te n ta t iv e ly  assigned  to  th e  -m ethylene group, th e  s p l i t t i n g  
r e s u l t in g  from coupling  to  th e  two pro tons of th e  ad jacen t 
Y -m ethylene group.
In  o rd e r to  confirm  th ese  su p p o sitio n s  a f u r th e r  s p e c if ic  
d e u te ra tio n , th i s  tim e of th e  Q -m ethylene group, was a ttem p ted .
9
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.S -Do u t e ra t  ion  *— 1----------------------
U ndec-10 -en -l-o ic  ac id  was converted in to  i t s  a c id  ch lo rid e  
by  use of th io n y l c h lo r id e , and th e  secondary amide p repared  by 
re a c t io n  w ith  D - m e th y l- a n i l in e ^ ^ .
ch 2=ch(ch2 )8co2h — 2*. ch2=ch(ch2 )8coci —9 ^  ch2=ch(ch2 )8 cohch3
The H-methyl a n i l id e  was reduced u s in g  lith iu m  aluminium
hydride a t  to  give undec-10-en-1~al. The aldehyde was
d eu te ra ted  on th e p -c a rb o n  atom by a base c a ta ly sed  enol-exchange
/ \
re a c t io n  in  D2o /d ioxan  s o lu t io n  .
CH2=CH(CH2 )gCONCK^ ------ >  CH2=CH(CE2 )gCHO
OD
CH2=CH(CH2)7CD2CEO <—  CH2=CH(Ce2)7CH=CH-0 + HOD
2
D e u te ra tio n  was shown to  have taken  p lace  by P.M.R. spec tro scopy .
CHP CH
II  f
CH CH
(ch2 )7 (ch2 )7
t
CH_ M u ltip le t CD9 D isappearedI I
CHO T r ip le t  CHD __ S in g le t
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TInd©o—10-^otv-'2,2'~d2''"*“ia^  T/ras reduced to  th e  corresponding  a lco h o l 
using  lith iu m  aluminium hy d rid e , and the  a lco h o l was allow ed to  
re a c t w ith  d ic h lo ro -s ilic o n -p h th a lo c y a n in e  to  g ive h is (u n d ec-1 0 -en -
2 , 2-d2-1 -o x y )-s ilic o n -p h th a lo c y a n in e .
The P.M.R. spectrum  of th e  compound i s  shown in  P ig . IVc.
The high  f i e l d  peak which was b e liev ed  to  be due to  th e  
cx-m ethylene group appeared as an approxim ate s in g le t  a t  12 . 0 9 X ,
This confirmed th e  o r ig in a l  su p p o s itio n , s in ce  th e re  would be no 
coupling  to  th e  |3 -d e u te ra te d  methylene group. The Y -m ethylene 
group appeared as a ve ry  rough t r i p l e t  a t  11. 461  ^ due to  coupling  
w ith  th e  next methylene a long  th e  chain . The in te g ra t io n  o f the  
spectrum  a lso  confirm ed th i s  in te r p r e ta t io n .  I t  was concluded th a t  
th e  broad band a t  10 . 4 8 ^ ,  which remained u n a lte re d  in  th e  d e u te ra te d  
p ro d u c t, was due to  th e  £  -m ethylene group.
I t  i s  notew orthy th a t  th e  peaks a re  somewhat broadened. This 
i s  b e liev ed  to  be due to  th e  r e l a t iv e ly  slow movement of th e  ch a in , 
and not to  poor r e s o lu tio n .
By s u b s t i tu t in g  th e  p ro tons on th ec t and m ethylene groups w ith  
deuterium  i t  has thus been p o ss ib le  to  a ss ig n  unambiguously th e  
h ig h  f i e l d  peaks in  th e  P.M.R. sp e c tra  of d i^a lk o x y  - s i l i c o n -  
p h th a lo cy an in es . The r e s u l t s  a re  summarised in  Table V.
From th e o r e t ic a l  c o n s id e ra tio n s  d iscu ssed  so f a r  i t  might be 
expected th a t  th e  s h ie ld in g  a sso c ia te d  w ith  th e  phthalocyan ine r in g
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would f a l l  o f f  ra p id ly  w ith  d is ta n ce  from th e  cen tre  o f th e  ring* 
Henco i t  seemed l ik e ly  th a t  a re g u la r  dow nfield chemical s h i f t  would 
be observed f o r  th e  methylenes along  the  a lk y l chain .
TABLE V
GH, CH, CH,CH, e tc
S i
CH, CH, CH, CH, e tc
Chemical S h if t  (X ) 11.61 11*4612.09
c /s  to  h ig h e r f i e l d  
th a n  T.M.S. 9 6.6 87-5 28.6125.4
Prom th e  observed r e s u l t s  th i s  would appear to  be e s s e n t ia l ly  
c o r re c t .  However, th e re  were ap p rec iab le  anom alies. F i r s t l y ,  
th e  abnorm ally h igh  resonance p o s i t io n  o f th e  f i r s t  fo u r methylene 
groups has a lre ad y  been exp lained  e a r l i e r .  Secondly, a dow nfield 
s h i f t  i s  observed between ok -  and 0  -m ethylene groups and between 
Y and & m ethylene groups as expected , bu t th e  chem ical s h i f t s  o f th e  
0 and ^g roups a re  rem arkably s im ila r .
This phenomenon can bo exp lained  in  term s of the  p re fe rre d  
conform ation of th e  a lk y l chain  (F ig . V).
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S i F ig . V
The d i r e c t io n  of bonds !a ! and *Td 1 a re  r ig i d ly  f ix e d  by th e
bond angle o f th e  oxygen atom. F ree ro ta t io n  about bond ’a* i s
im m ate ria l. F ree r o ta t io n  about bond rb ! i s  h a rd ly  p o ss ib le
because th e  long  a lk y l chain  would approach too c lo se  to  the
arom atic  r in g .  The most l i k e ly  conform ation o f bond Tb ! i s  as
shown in  F ig . V. Since th e  oxygen bond angle i s  104*5° and th e
carbon bond ang le  109*5°> bond fc ' w il l  be alm ost v e r t i c a l  and n e a r ly
-enep a r a l l e l  to  th e  S i-0  bond. Hence the®*- and & -  methyl p ro tons w il li A
be a t  d i s t i n c t l y  d i f f e r e n t  average d is ta n ce s  above th e  p lane  of th e  
arom atic  system . This ex p la in s  th e  g re a t d if fe re n c e  in  chemical 
s h i f t  between th e  ex- and j3 “  methylene g roups. On th e  o th e r hand, 
th e  and Y" -  m ethylene p ro tons w il l  on average bo th  occupy th e
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same reg io n  of space , th e re  be ing  f r e e  r o ta t io n  about bonds ’c*,
' d ! and ’e 1, and so th e  s im i la r i ty  in  t h e i r  chem ical s h i f t s  can be 
ex p la in ed . F u r th e r  along th e  chain , the  s t e r i c  l im ita t io n s  upon 
th e  movement o f th e  chain  become le s s  and th e  expected re g u la r  
decrease  in  chem ical s h i f t  w ith  p o s i t io n  should occur. This i s  
observed.
iv )  Chain s u b s t i tu te d  d i—.alkoxy -s ilico n -p h th a lo c .y an in es
I t  has been shown e a r l i e r  th a t  s u b s t i tu t io n  of groups w ith in  
th e  a lk y l chains of d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e s  tends to  
in c re a se  th e  s o lu b i l i t y  and depress the  m eltin g  p o in t o f th e se  
compounds. T h e ir h igh  s o lu b i l i ty  makes them e s p e c ia l ly  s u i ta b le  
f o r  P.M.R. s tu d y , and use has been made of t h i s  when d e u te ra te d  
ph thalocyan ines were p rep ared . No m ention has been made so f a r  
concerning th e  resonance p o s it io n  of th e  o le f in ic  p ro tons a s so c ia te d  
w ith  th e  undecenoxy ch a in s . I t  has been found th a t  in  a l l  th e  
o le f in ic  compounds used , th e  p ro tons a sso c ia te d  w ith  th e  double 
bond do not s u f f e r  any s h ie ld in g . I t  appears th a t  th e  sh ie ld in g  
re g io n  of th e  arom atic  r in g  does n o t, to  any n o tic e a b le  e x te n t , 
extend a d is ta n c e  of te n  carbon atoms along th e  chain .
This f e a tu re  has a lso  been n o ticed  in  th e  te rm in a l carbethoxy 
compounds which has been p rep a red . The p ro tons o f th e  e th y l e s te r  
do not appear to  s u f f e r  any s h ie ld in g .
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5 . 8 6 t  8 .7 7 r
The s u b s t i tu t io n  o f groups w ith in  th e  chains a lso  leads to  low 
m eltin g  compounds* A P.M.R. spectrum  was ob tained  of b is (o c ta d e c -  
9 ( c i s ) e n - 1-o x y )-s ilico n -p h th a lo cy a n in e  in  th e  l iq u id  phase a t 130° .  
U n fo rtu n a te ly  however th e  l iq u id  was extrem ely v isco u s , as would be 
expected , and so th e  r e s o lu tio n  was low.
C) Experim ental
A ll an a ly ses  g iven  in  th i s  se c tio n  were c a r r ie d  out in  the  
O rganic Chem istry Department M icro an a ly tica l Laboratory  of Im perial 
C o llege, u n le ss  o therw ise  s ta te d .
1 ,3 -D iim in o iso in d o lin e
P h th a lo n i t r j le  (20g) was s t i r r e d  w ith  methanol ( 120ml) and 
l iq u id  ammonia (40ml) was c a u tio u s ly  added. The m ixture was 
t r a n s f e r r e d  to  an enamel lin e d  au toclave (1 1 cap ac ity ) and heated  
a t  100° f o r  fo u r  h o u rs . A fte r  coo ling , the  au toclave was opened 
and th e  s o lu t io n  was f i l t e r e d  to  remove phthalocyanine im purity .
-4 5 -
The f i l t r a t e  was concen tra ted  by d i s t i l l a t i o n  under reduced p ressu re  
and upon co o lin g  y ie ld ed  1 , 3—d iim in o iso in d o lin e  as a p a le  green  
c r y s ta l l in e  s o l id ,  m.p. 187° ,  L it  194~5°(2^ .  Y ield 18 g (79$).
(27)M c h lo ro -s ilic o n -p h th a lo c y a n in e v '
1 ,3*-D iiniinoisoindoline (9*1 g) was heated  w ith  s i l ic o n  t e t r a ­
c h lo rid e  (10 .4  ml) and q u in o lin e  (104 ml) in  a Wood’s m etal b a th .
The f la s k  was equipped w ith  a re f lu x  condenser and a mechanical 
s t i r r e r  and th e  m ixture was heated  slow ly to  220° during  30 m inutes.
I t  was m ain tained  a t  220° f o r  a fu r th e r  30 m inu tes. The so lu tio n  
was seen to  tu rn  green  and g rad u a lly  darkened, d ep o sitin g  a purp le  
c r y s ta l l in e  s o l id .  The m ixture was cooled to  180-1900 and was 
f i l t e r e d  hot (Whatman Wo. 541)• D ich lo ro -s ilico n -p h th a lo cy an in e  was 
c o l le c te d  as a green  c r y s ta l l in e  s o lid  w ith a red  r e f le x .  I t  was 
washed w ell w ith  q u in o lin e , benzene, methanol and f in a l ly  acetone .
Y ie ld  7 .0  g (73$).
B is (o c tad e ca n -1-ox .y)-silicon-ph thaloc.yan ine
D ic h lo ro -s ilic o n -p h th a lo c y an in e  (500 mg) was mixed w ith octadecan—
1-o l  (4«0 g) and th e  m ixture was heated  a t  I 5O0 in  a slow stream  of 
n itro g e n  f o r  3 hou rs . The mass was th en  heated  w ith  acetone 
(ca  25 ml) f o r  s e v e ra l m inutes and f i l t e r e d .  The s o lid  was washed 
w e ll w ith  ace to n e . The s o l id  was th en  e x tra c te d  w ith  benzene 
(100 ml) and th e  benzene s o lu tio n  concen tra ted  to  30 XL. The 
s o lu t io n  was in tro d u ced  on to  an alum ina chromatography column and
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e lu te d  w ith  benzene. The f a s t  moving b lu e -g reen  band was c o lle c te d . 
B is(o c tad ecan -1 -o x y )-s ilico n -p h th a lo cy an in e  c r y s ta l l i s e d  when th e  
s o lu t io n  was co n cen tra ted . The compound was c r y s ta l l i s e d  from 
petro leum  (b .p . 60 -80°), m.p. 154°? L it 152°^20^. Y ield 127 mg, 
(14*5$)*
068 ^90 ^8 ^  reclu ire s  C = 75*68 H «= 8.41 N = 10.39 1°
Found C = 75*06 H « 8. 13 25T = 10.53 $
B is (decan-1 -o x y )-silio o n -p h th a lo c .y an in e
Di c h io ro -s  i l i  con-pht halo cyanine (1 .0  g ) was added to  b o i l in g  
d ecan -1 -o l (25 ml) and th e  m ixture re flu x ed  f o r  I4 hours. The 
product was allow ed to  cool and was d ilu te d  w ith  benzene (25 m l).
The benzene s o lu t io n  was f i l t e r e d  and th e  s o l id  was e x tra c te d  w ith 
benzene. The mixed benzene so lu tio n s  were chromatographed on 
alum ina u s in g  benzene as e lu e n t . The f a s t  moving b lu e-g reen  band 
was c o lle c te d  and concen tra ted  by d i s t i l l a t i o n .  B is(d ecan -l-o x y )- 
s ilic o n -p h th a lo c y a n in e  c r y s ta l l i s e d  from th e  so lu tio n . The 
p roduct was r e c r y s ta l l i s e d  from petroleum  (b .p . 6O-80) as blue
need les w ith  a red  r e f la x ,  m.p. 207°• Y ield 260 mg (19*5$)•
C^2 Wg S i 02 re q u ire s  C = 73*03 H = 6 .83  W = 13*11 S i = 3*28 $
Found C = 73*42 H ® 6 .96  W=12<>65 S i = 3*95$
(T his a n a ly s is  was c a r r ie d  out by Dr. A .B ernhardt, Mulheim (Ruhr), 
Germany.)
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3 is (o c ta d e c -9 (c is ) -e n -1 -o x y ) -s i l ic o n -p h th a lo c y a n in e
D ic h lo ro -s ilic o n -p h th a lo c y an in e  (500 mg) was heated  w ith  
o le y l  a lco h o l (5 ml) a t  200° f o r  1-|- hou rs . A slow stream  of 
n itro g e n  was passed  th rough  th e  m ixture during  the  p e riod  of 
h e a tin g . The m ixture was allow ed to  cool o v e rn ig h t. I t  was 
f i l t e r e d ,  and th e  s o l id  washed w ell w ith  ace to n e . The s o l id  was 
e x tra c te d  w ith  "benzene (50 ml) and th e  s o lu tio n  chromatographed on 
alumin.a u s in g  "benzene as e lu e n t .  The f a s t  moving "blue-green "band 
was c o lle c te d  and evaporated  to  d ryness. The s o lid  was c r y s ta l l i s e d  
from petroleum  (b .p . 60-80°) as needles m.p. 125°. Y ield 270 mg 
(31$)•
C^g Hg£ S i Og re q u ire s  C = 76.02 H *= 8.08 11 *= 10 .4o 
Found C = 75.97  II = 7*74 N = 10.65  $
B is  (o c ta d e c -9 (tra n s)-e n -1  -o x .y )-silico n -p h th a lo cy an in e
a ) E thy l 0c ta d e c -9 ( tra n s )-e n o a te
E la id ic  a c id  (10 .5  g) was d isso lv ed  in  a m ixture of ab so lu te  
e th an o l (14 ml) and to lu en e  (8 .5  ml) and co n cen tra ted  h y d roch lo ric  
a c id  (0 .2  ml) was added. The s o lu tio n  was d i s t i l l e d  from a steam 
b a th  u n t i l  th e  tem peratu re  of th e  azeotrope reached 80°. A fu r th e r  
p o r t io n  of e th an o l (14 ml) and to lu en e  (8 .5  ml) was added and th e  
d i s t i l l a t e  ag a in  c o lle c te d . A th i r d  amount of e thano l (8 .5  ml) 
and to lu en e  (5*7 ml) was added and th e  procedure rep ea ted . The 
r e s id u a l  so lv en t was th en  removed under reduced p ressu re  and th e
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p ro d u c t was vacuum d i s t i l l e d ,  b .p . 147-150°/0.2 mm5 L i t  208-21(^7 
13 mrn^ 3^ .  Y ield  9*2 g (80.0$)«
b) Octade c - 9 ( t r a n s )- e n -1-o 1
L ithium  aluminium hydride (1.1 g) was s lu r r ie d  w ith  dry  e th e r  
(25 ml) and e th y l o c tad ec -9 ( tra n s )-e n o a te  (9*2 g) in  e th e r  (25 ml) 
was added dropwise w ith  s t i r r i n g .  The s o lu tio n  was then  s t i r r e d  
f o r  a f u r th e r  30 m inutes and th e  excess L.A.H. destroyed  by m ethyl- 
a c e ta te .  The s t ic k y  mass was worked up w ith  w ater and concen tra ted  
su lp h u ric  ac id  (2*5 m l). The e th e r  la y e r  was sep a ra ted , d r ie d  and 
d i s t i l l e d .  O c ta d e c -9 (tra n s )e n -1- o l  d i s t i l l e d  b .p . 154-158°/0.5 mm.
L it  216^18 nm^3^ .  Y ield 7 .2 g (89$ ) .
c) B is (octade c-9  ( tra n s  ) -en-1 -o x ,y )-s ilico n -p h t halo cyanine
D ich lo ro -s ilic o n -p h th a lo c y an in e  (500 mg) was heated  w ith 
0c ta d e c -9 ( tr a n s ) -e n -1 -o l  (1 g) in  d ry  xylene (25 ml) a t  re f lu x  fo r  
3 days. The product was evaporated  to  d ryness, and d isso lv ed  in  
benzene (20 m l). The s o lu t io n  was f i l t e r e d  and chromatographed on 
alum ina u s in g  benzene as e lu e n t . The f a s t  moving b lu e -g reen  band 
was c o lle c te d  and th e  s o lu tio n  evaporated to  d ryness. The re s id u e
was c r y s ta l l i s e d  from petroleum  (b .p . 60-80°) g iv in g  b is  (octadec-9
( tra n s )-e n -1 -o x y )-s ilic o n -p h th a lo c y a n in e  as b lue  need les w ith  a red  
r e f le x ,  m.p. 134-135°• Y ield  720 mg (80$).
^68 H86 ^8 ^  ^2 reclut re s  C = 75*94 H -  8.06 IT = 10.42  S i = 2.61 $
Found C = 75*62 H = 8.08 IT = 9*71 S i = 2.71 $
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( This a n a ly s is  was c a r r ie d  out hy Dr. A B ernhard t, Mulheim (Ruhr), 
Germany.)
B is(u n d ec -1 0 -en -1 -o x y )-s ilico n -p h th a lo cy an in e
a ) E thy l U ndec-10-enate
U ndec-10-en-1-oic a c id  (133 g) was d isso lv ed  in  a m ixture of 
to lu en e  (166 ml) and ab so lu te  e thano l (276 ml) and concen tra ted  
h y d ro ch lo ric  a c id  (3*3 ml) was added. The m ixture was d i s t i l l e d  
and th e  d i s t i l l a t e  c o lle c te d  u n t i l  th e  tem perature  of th e  azeotrope 
reached  80°. A f u r th e r  amount of e thano l (276 ml) and to luene  
(166 ml) was added and th e  procedure re p e a te d . A th i r d  amount of 
e th an o l (166 ml) and to lu en e  (113 ml) was added and th e  m ixture 
d i s t i l l e d .  The re s id u a l so lv en t was removed by d i s t i l l a t i o n  under 
reduced p re s su re  and th e  re s id u e  vacuum d i s t i l l e d  g iv in g  e th y l undec-
1 0 -en a te , b .p .  130-132^12 mm, n jp  1.4379 L it b .p . 131«57l6 mm, 
n£3 1 .444<T4° b  y ie ld  141 S  ( 9 $ ) *
b) Undec-1Q-en-1-ol
L ith ium  aluminium hydride (5*5 g) was s lu r r ie d  in  sm all 
p o r tio n s  w ith  d ry  e th e r  (125 ml) in  a f la s k  f lu sh e d  w ith  n itro g en . 
E th y l undec-10-enate  (54*3g) in  d ry  e th e r  (125 ml) was added dropw ise, 
w ith  s t i r r i n g ,  so th a t  the  e th e r  re flu x e d  g e n tly . A fte r the 
a d d it io n , th e  excess L.A.H. was destroyed  w ith  methyl a c e ta te .  The 
s t ic k y  mass was poured on to  a m ixture of ic e  (125 g) an!  ^ concen­
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t r a t e d  su lp h u r ic  ac id  (12.5 n il). The e th e re a l la y e r  was sep a ra ted  
and th e  aqueous la y e r  was e x tra c te d  w ith  e th e r  (2 x 200 m l). The 
mixed e th e r  e x tra c ts  were d rie d  over magnesium su lp h a te  and 
d i s t i l l e d .  U ndec-10-en-1-ol was c o lle c te d  h .p .  130-132^15 mm^  
n ^ 4 ,5  1.44655 Li-t b .p .  132-3715 rams 1,4506^401  Y ield 36 g  
(83%).
c) B is(u n d ec -10- e n - 1-o x y )-s ilico n -p h th a lo cy a n in e
D ic h lo ro -s ilic o n -p h th a lo c y an in e  (500 mg) was added to  undec-
10- e n - 1- o l  (41 ml) and n itro g e n  was bubbled slow ly through th e  
m ix tu re . The m ixture was heated  f o r  3 hours a t  I 5O0 and i t  began 
to  c r y s t a l l i s e .  I t  was f i l t e r e d ,  washed w ith  acetone and th e  
s o l id  was e x tra c te d  w ith  benzene (100 ml)# The benzene e x tra c t  liras 
chromatographed on alum ina u s in g  a benzene e lu e n t . The f a s t  
moving b lu e -g re e n  band was c o lle c te d , y ie ld in g  b is (u n d e c -10- e n -1-  
o x y )-s ilic o n -p h th a lo c y a n in e , m.p. 175°? upon c r y s ta l l i s a t io n  from 
th e  e lu a te .  Y ield  225 mg (32$).
C 4 H^g U8 S i 02 re q u ire s  C * 73*77 H * 6 .65  N = 12.76 Si = 3*19 $
Found C « 74-32 H -  6 .64  N « 12.90 S i = 3-53 $
B is (H  -ca rb  ethoxy-unde can-1 -ox.y) - s  i l  i  con-pht ha l o oyanine
a ) 11-Brom o-undecan-1-oic ac id
U ndec-10-en-1-oic a c id  ( r e d i s t i l l e d  b .p . 122° / o . 66 mm) (42.0 g) 
was d isso lv e d  in  benzene (500 m l). The so lu tio n  was cooled in  ic e
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to  5° and a g e n tle  stream  of hydrogen bromide gas was bubbled through 
th e  s o lu tio n  so th a t  th e  tem perature  remained a t  5°* The p ink  
s o lu t io n  was co n cen tra ted  under reduced p re ssu re  to  about 80 ml, 
and was allow ed to  c r y s t a l l i s e .  The mother l iq u o rs  were c o lle c te d  
and c r y s t a l l i s a t i o n  re p e a te d . The product was r e c r y s ta l l i s e d  from 
petro leum  (b .p . 60 -80°), m.p. 50°? L it 51°^ "* ) . Y ield 42*5 g (70$),
b ) 11-H ydroxy-undecan-1-oic a c id
11-Bromo-undecan-1 -o ic  a c id  (20 g) was added to  10$ sodium 
hydroxide s o lu tio n  (400 ml) and th e  m ixture re flu x e d  g en tly  fo r  
30 m inutes. The so lu tio n  was poured on to  cold  w ater (600 ml) 
and a c id i f ie d  c a re fu l ly  w ith  co n cen tra ted  hy d ro ch lo ric  a c id . The 
p re c ip i ta te d  s o l id  was f i l t e r e d ,  washed w ith  w ater, d r ie d , and 
r e c r y s t a l l i s e d  from benzene. 11-Hydroxy-undecan-1-o ic  ac id  was
d ep o sited  as need les m.p. 65- 66°$ L i t  m.p. 68-69  4 • Y ield 13 g
(87$).
c) E thy l (11-hydroxy)-undecanoate
11-H ydroxy-undecan-1-oic ac id  (5 g) was heated  on a w ater b a th  
w ith  ab so lu te  e thano l (25 m l), to lu en e  (15 ml) and a few drops of 
co n ce n tra te d  h y d ro ch lo ric  a c id . The d i s t i l l a t e  was c o lle c te d  a t  
75°* Three f u r th e r  amounts o f a m ixture of to luene  (15 ml) and 
a b so lu te  e th an o l (25 ml) were added and th e  procedure rep ea ted  each 
tim e . The so lv en t was removed by d i s t i l l a t i o n  under reduced p re ssu re  
and th e  product was vacuum d i s t i l l e d .  E thyl (H -hydroxy)-undecanoate
was c o lle c te d  b .p . 136-^138°/0.5 mnj n ^  1 .44635 L i t .  b .p .  111-112. 
0 .1  mm* n^° 1.4478^43\  Y ield  4-5 g (79$).
d) B is (1 l-carbethozy-undecan-1  -ox .y)-silicon-ph thaloc.yan ine
E thy l (11-hydroxy)-undecanoate (4*5 m^ ) was d isso lv ed  in  dry 
xy len e  (20 ml) and d ic h lo ro -s ilic o n -p h th a lo c y a n in e  (500 mg) was 
added . The m ixture  was re f lu x e d  in  a stream  of d ry  n itro g e n  fo r
3 days. The xylene was removed by d i s t i l l a t i o n  under reduced
p re ssu re  and th e  s o l id  was e x tra c te d  w ith  dry  benzene (50  m l).
The benzene s o lu t io n  was chromatographed on alum ina u s in g  2$ 
methanol in  benzene as e lu e n t . The f a s t  moving b lu e -g reen  band 
was c o lle c te d . I t  was evaporated  to  dryness and th e  product was 
c r y s ta l l i s e d  from petroleum  (b .p . 60 -80°). B is(l1 -ca rb e th o x y  
u n d ecan -1 -o x y )-s ilico n -p h th a lo cy an in e  c r y s ta l l i s e d  as b lue needles
w ith  a red  r e f le x  m.p. 144°* Y ield 377 mg (46$).
C^g H66 Fg S i 06 re q u ire s  C =* 69*71 H = 6.66 II = 11.21 $
Pound C = 69.63  H = 6.75 ^  = 11.12 $
2-Hydroxy-cyc1ode canone
The ap p ara tu s  was baked p r io r  to  use* and assembled w ith  the  
use of d ry ing  tu b e s . Dry Xylene (50 ml) and c ru s t  f r e e  sodium 
m eta l were in tro d u ced  in to  th e  apparatus and th e  apparatus purged 
w ith  d ry  n itro g e n  o v e rn ig h t. The xylene was heated  to  re f lu x  and 
th e  sodium was h ig h ly  d isp e rse d  by ra p id  s t i r r i n g  (ca 3*000 r .p .m .) .
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D ie th y l seb aca te  (5 g) in  dry  xylene was added dropwise over 24 hours. 
The s o lu t io n  was s t i r r e d  fo r  a fu r th e r  hour and th en  cooled in  an 
ic e  b a th . A s o lu tio n  of a c e t ic  ac id  (4 .5  ml) in  dry e th e r  (10 ml) 
was added dropwise over 30 m inutes and th e  tem perature was allowed 
to  r i s e  to  20°• The p re c ip i ta te d  sodium a c e ta te  was f i l t e r e d  and
washed w ell w ith  x y len e . The xylene so lu tio n  and washings were 
combined and th e  so lv en t removed by d i s t i l l a t i o n  under reduced 
p re s s u re . The re s id u e  was vacuum d i s t i l l e d  g iv in g  2-hydroxycyclo- 
decanone b .p .  129-133°/10 mm5 1*48741 L i t .  b .p .  124-127°/
10 mm. n jp  1.4803^44^. The l iq u id  s o l id i f i e d  a f t e r  long s tan d in g . 
Y ie ld  1 .0 g (3 0 .4 $ ).
A ttem pted O y o lisa tio n  o f M s ( l  1-carb  ethoxy-unde c an r- l-o x v )-£'4 3-icon 
phthaloc.yanine
The apparatu s and chem icals were d rie d  and p u r if ie d  as d escribed  
above. Sodium (0 .9  g) was d isp ersed  in  b o i l in g  xylene (25 m l), 
and b i s (11 -c a rb e th o x y -u n d e c a n - l-o x y ) -e i l ic 'n -nh th a lo c v an ine  
(200 mg) in  xylene (60 ml) was added dropwise over 30 hours. The 
r e a c t io n  m ixture became coloured  very  deep p u rp le . S t i r r in g  was 
con tinued  f o r  a  f u r th e r  hour a t  re f lu x  a f t e r  th e  a d d itio n  was 
com plete. The re a c tio n  m ixture was cooled in  an ic e  b a th  and 
a c e t ic  a c id  (2 .5  ml) in  e th e r  (10 ml) was added slow ly w ith  s t i r r i n g .  
The deep p u rp le  co lou r im m ediately tu rned  dark  green on a d d itio n  of 
a c e t ic  acid* The m ixture ifas s t i r r e d  f o r  sev e ra l minutes and was 
th e n  f i l t e r e d .  The s o l id  was washed w ith  xylene and th e  f i l t r a t e
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and washings were combined* The green  s o lu tio n  was evaporated  to  
dryness under reduced p re s su re , le av in g  a g reen  t a r .  Methanol 
(ca  5 mis) was added and a green  s o l id  was p r e c ip i ta te d .  The s o l id  
was shown to  c o n s is t o f a t  l e a s t  f iv e  compounds, by T.L.C. The 
product could  not be f u r th e r  id e n t i f ie d  s in ce  only  3 mgms had been 
o b ta in ed .
B i s (do cant h io )- s  i l i  c on-ph thalo  oyanine
a )  1-Bromo-deoane
D ecan-1- o l  (33 g) and p u r if ie d  red  phosphorus ( 1 .6  g) were 
p laced  in  a 3-necked f l a s k .  Bromine (19 g) was added dropwise and 
th e  r e a c t io n  m ixture was heated  a t  100° fo r  10 m inutes. The 
m ixture was allow ed to  cool and w ater (50  ml) was added5 and then  
e th e r  (70  m l). The phosphorus was f i l t e r e d  from the  s o lu tio n  and 
th e  e th e re a l  la y e r  was se p a ra te d . The aqueous la y e r  was e x tra c te d  
w ith  e th e r  (2  x 50 ml) and th e  e th e r  e x tra c ts  d rie d  over anhydrous 
potassium  ca rb o n a te . The e th e r  was removed by d i s t i l l a t i o n  from a 
w a ter b a th  and th e  re s id u e  was vacuum d i s t i l l e d .  1-Bromo-decane 
was c o lle c te d  b .p .  112—114°/15 mmj L it 117»6-11^/,,15«5mm^4^^.
Y ield  30.5 g (66$ ) .
b )  B ecan -1 -th io l
1-Bromo-decane (21 g) was mixed w ith  a s o lu tio n  of th io u re a  
( 9*5 g) in  w ater (6 .2  ml) and th e  m ixture was re flu x e d  g e n tly  f o r
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2 h o u rs . The s o lu t io n  became homogeneous a f t e r  about 30 m inutes.
A s o lu tio n  o f sodium hydroxide (7-5  e) in  w ater (75 ml) was added 
and th e  s o lu t io n  was s t i r r e d  under re f lu x  f o r  a fu r th e r  2 hours.
The th io l  was seen  to  sep a ra te  above th e  aqueous phase. Decan-1- 
th io l  was sep a ra te d  from th e  aqueous la y e r  and th e  l a t t e r  was 
e x tra c te d  w ith  e th e r  (2 x 20 m l). The mixed th io l  and e th e r  
e x tr a c ts  were d r ie d  over anhydrous sodium s u lp h a te . The e th e r  
was removed by d i s t i l l a t i o n  and th e  re s id u e  was vacuum d i s t i l l e d .  
D ecan -1 -th io l was c o lle c te d  a t  106-108°/l3mm5 L it  96-9775 mm^ 4^ .  
Y ield  12.2 g (74 -4$ ).
c) B is (d e c a n -1 - th io ) - s i l ic o n -p h th a 1ooyanine
D ecan -1 -th io l (5 ml) was heated  w ith  d ic h lo ro - s i l ic o n -  
ph thalocyan ine  (500 mg) a t  200° f o r  5 hou rs . A slow stream  of 
n itro g en  was passed  through th e  m ix tu re . The so lu tio n  appeared to  
g ra d u a lly  tu rn  b lu e -g re e n  in  co lou r and HC1 gas appeared to  be 
evolved. The product was d isso lv ed  in  benzene, f i l t e r e d  and chrom­
atographed on alum ina u s in g  benzene as e lu e n t . Only about 2-3 mgms. 
o f product could  be is o la te d  and th i s  appeared to  decompose ra p id ly  
to  an in so lu b le  b lue  m a te r ia l .  The product was not fu r th e r  
id e n t i f ie d .
Undec-10-en-1,1 -d ^ -1 -o l
L ithium  aluminium d e u te r id e  (400  mg) was d isso lv ed  in  dry  e th e r
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(10 ml) and e th y l undec-10-enate  (3*0 g) in  dry  e th e r  (10 ml) was 
added dropw ise. The m ixture was s t i r r e d  and th e  e s te r  was added 
a t  such a r a te  th a t  th e  so lv en t rc flu x e d  g e n tly . When a d d itio n  was 
com plete, methyl a c e ta te  (1 ml) was added to  d e s tro y  any L.A.D. 
rem aining. The s t ic k y  mass was t r a n s fe r re d  to  a beaker co n ta in in g  
crushed ic e  (10 g) and co n cen tra ted  su lp h u ric  ac id  (1 m l). The 
s o lu tio n  was s t i r r e d  and th e  e th e r  la y e r  se p a ra te d . The aqueous 
la y e r  was e x tra c te d  w ith  e th e r  (3 x 20 ml) and th e  mixed e x tra c ts  
were d rie d  over magnesium su lp h a te . The e th e r  was removed by 
d i s t i l l a t i o n  and u n d ec-10 -en -1 ,1 -d2-1 -o l  was vacuum d i s t i l l e d ,  b .p .
107% . 8  mm5 n^5 1 . 4464 . Y ield  1.85 g (76$ ) .
B i s  (undec-10-en-1 ,1 -dg-1 -o x y )-s ilic o n -p h th a lo c y a n in e
U ndec-10-en-1 ,1-dg-1-o l ( ig )  was d isso lv ed  in  dry  xylen© (25 ml) 
and d ic h lo ro -s ilic o n -p h th a lo c y a n in e  (500 mg) was added. The 
m ixture was re f lu x e d , w ith  s t i r r i n g ,  f o r  3 days. The m ixture was 
th e n  f i l t e r e d  and th e  f i l t r a t e  evaporated  to  dryness under reduced 
p re s su re . The re s id u e  was d isso lv ed  in  benzene and chromatographed 
on alum ina u s in g  benzene as e lu e n t . The benzene was removed by 
ro ta ry  ev ap o ra tio n  and th e  product was c r y s ta l l i s e d  from petroleum  
(b .p . 6 0 -8 0 °)s m.p. 174-175°. Yield. 470 mg ( 6 $ ) .
U ndec-10-en-2, 2 -d ^ - l-o l
a) U ndec-10-en-1-oyl ch lo rid e
U ndec-10-en-1-o ic a c id  (50 g) and th io n y l ch lo rid e  (71 g)
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were re flu x e d  g e n tly  u n t i l  ev o lu tio n  of hydrogen ch lo rid e  had 
ceased , (2-§- h o u rs ) . The excess th io n y l ch lo rid e  was removed by 
d i s t i l l a t i o n  under reduced p re ssu re  and th e  re s id u e  was vacuum 
d i s t i l l e d .  U ndec-10-en-1-oyl c h lo rid e  was c o lle c te d , b .p . 8 8 ° /
0 .6  mm| n^4 1.4545* l i t  b .p .  74-78^0.1mm| n^3 1 . 4 5 3 0 ^ .
Y ield  47*0 g (85 . 3$ ) .
1>) Undec-10-en-1 - (U-m ethyl) a n il id e
U ndec-10-en-1-oyl c h lo rid e  (34 g) was d isso lv ed  in  benzene 
(50 ml) and a s o lu tio n  of U -m ethy l-an iline  (22 g) in  p y rid in e  (22 ml) 
was added slow ly , w ith  shaking . The m ixture was allowed to  s tan d  
fo r  30 m inu tes, and w ater (75 ml) was added. The la y e rs  were 
sep a ra ted  and th e  aqueous la y e r  was e x tra c te d  w ith  benzene 
(2 x 35 m l). The combined benzene e x tra c ts  were washed w ith
2-H H ydrochloric a c id  (100 m l), and th en  w ith  d i s t i l l e d  w ater. The 
benzene la y e r  was d rie d  over anhydrous sodium su lp h a te  and d i s t i l l e d .  
The a n i l id e  was c o lle c te d  as a yellow  o i l ,  b .p .  157—161^0.5 mm5 
n 24 1.5073! l i t .  n£2 1.5070^36\  Y ield 40 .8  g (88 . 5$ ) .
c) Undec-10-en-1 - a l  ^3^
L ithium  aluminium hydride (1*7 g) in  dry e th e r  (100 ml) was 
added slow ly  to  a s o lu t io n  o f th e  above a n i l id e  (38.5 g) in  d^y 
e th e r  (100 m l). The m ixture was kept s t i r r e d  in  an ic e  ba th  fo r  
3 hou rs. The excess L.A.H. was decomposed by th e  a d d itio n  of 
e th y l a c e ta te  (20 m l). The complex was decomposed by th e  a d d itio n
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o f  10$ hydro c h lo r ic  a c id  (100 ml) and the  e th e re a l la y e r  was 
sep a ra te d . The aqueous la y e r  was e x tra c te d  w ith  e th e r  (2 x 50 ml) 
and th e  combined e th e r  e x tra c ts  were washed w ith  2-11 hy d ro ch lo ric  
a c id  (100 ml) and th en  w ith  w ater (100 m l). The e th e re a l la y e r  was 
d rie d  over anhydrous sodium su lp h a te  and th e  e th e r  removed by 
d i s t i l l a t i o n .  The re s id u e  was vacuum d i s t i l l e d  and th e  aldehyde 
c o lle c te d  b .p .  66-70°/o*5 mm 1.4430. Some a n il id e  (7*4 g)
was recovered  b .p .  152-157^0.5 lam* Y ield (on unrecovered a n i l id e ) ,  
11 g (58$).
d) U ndoc-10-en-2, 2 -d g -1 -a l^ ^ ^
U ndec-10-en-1-al (10 g) was d isso lv ed  in  dioxan (25 ml) and 
deuterium  oxide (Norsk Hydro, 99»8$ DgO) (5 ml) was added.
Anhydrous potassium  carbonate  (60 mg) was a lso  added and th e  m ixture 
was re flu x e d  f o r  50 hou rs . N.B. Drying tubes were f i t t e d  to  the  
apparatus to  avoid  exchange w ith  atm ospheric m o istu re . The 
m ixture was im m iscible a t  room tem perature  but became m isc ib le  a t  
r e f lu x .  The ’w a te r’/d io x a n  m ixture was removed by d i s t i l l a t i o n  and 
th e  re s id u e  was vacuum d i s t i l l e d  to  reg en era te  th e  p a r t i a l l y  
d e u te ra te d  aldehyde.
The d i s t i l l a t e  (b .p . 6 6 -70°/0 .5  mm) was re flu x e d  fo r  a fu r th e r  
50 hours under th e  same co n d itio n s  as th e  above, to  complete the  
exchange. The ’w a te r ’/d io x a n  m ixture m s  removed by slow d i s t ­
i l l a t i o n  and th e  aldehyde vacuum d i s t i l l e d  again j b .p . 63-64  (0 .4  mm) 
n22 1 . 4436 . Y ield 4 .0  g (40$).
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e ) Undec-1O -en-2,2-d2-1 -o l
L ithium  aluminium hydride (287 mg) was warmed w ith  dry e th e r  
(10 ml) and undec-1O -en-2, 2 -d g - l-a l  (3*7 g) in  dry  e th e r  (10 ml) 
was added dropwise over a p e rio d  o f 10 m inutes. The m ixture was 
then  s t i r r e d  f o r  a fu r th e r  10 minutes and th e  excess L.A.H. was 
decomposed w ith  methyl a c e ta te  (0*5 g)» The s tic k y  mass was 
added to  crushed ic e  (20 g) and co n cen tra ted  su lp h u ric  ac id  ( 1 ml) 
and th e  e th e re a l  la y e r  was se p a ra te d . The aqueous la y e r  was 
e x tra c te d  w ith  e th e r  (2 x 10 ml) and th e  e th e r  e x tra c ts  d ried  over 
magnesium su lp h a te . The e th e r  was removed by d i s t i l l a t i o n  and 
th e  re s id u e  vacuum d i s t i l l e d .  The d e u te ra te d  a lcoho l was c o lle c te d  
b .p . 7 9 -80°/0 .5  mm| n^4 1.4493- Y ield 3-1 g (83$).
Bi s (unde c - 10-e n -2 , 2-d^ -1 -ox.y ) - s  i  1 i  con-pht ha 1 o cyanine
Undec-1O-en-292-d2-1 -o l  (1 ml) was d isso lv ed  in  dry  xylene 
(25 ml) and d ic h lo ro -s ilic o n -p h th a lo c y a n in e  (500 mg) m s  added.
The m ixture was re flu x e d  fo r  3 days w ith  a slow stream  of n itro g en  
bubbling  th rough th e  a p p a ra tu s . The m ixture was f i l t e r e d  and the  
u n reacted  d ic h lo ro -s ilic o n -p h th a lo c y a n in e  was weighed (270 mg).
The so lv en t was removed by d i s t i l l a t i o n  under reduced p re ssu re  and 
th e  s o l id  was d isso lv ed  in  benzene. The s o lu tio n  was chromato­
graphed on alum ina and th e  e lu a te  was evaporated  to  d ryness. The 
product was r e c r y s t a l l i s e d  from petroleum  (b .p . 60-80°) as b lue 
need les m.p. 177°? Y ield  206 mg (77$ on unrecovered d ic h lo ro -  
s i l ic o n -p h th a lo c y a n in e ) .
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TSTRA-ALKYL -PHTHA.LO CYANINE3
A) In tro d u c tio n
P h th a lo cy an in es , which have co n sid erab ly  in c reased  s o lu b i l i ty  
i n  n on -po lar so lv en ts  have been p repared  com m ercially, and have 
been  w idely  used  in  p r in t in g  in k s . The s o lu b i l i s a t io n  o f th e se  
compounds has been achieved by th e  attachm ent of a lk y l chains 
around th e  p e rip h e ry  o f th e  r in g .  This has norm ally been c a r r ie d  
out by ch lo ro m eth y la tio n  o f ph thalocyan ine  fo llow ed by re a c t io n  
w ith  an a ra lk y l  compound in  th e  p resence of aluminium ch lo rid e
The reaso n  f o r  t h i s  in c reased  s o lu b i l i ty  may be th re e fo ld .
i )  Bulky groups a tta ch e d  to  th e  m acrocycle p reven t the  
a rom atic  r in g s  from s ta c k in g  in  th e  c ry s ta l  and so 
reduce i t s  in h e ran t s t a b i l i t y ,
i i )  The p resence  of so lv en t ’’a t t r a c t i n g ” groups i n  th e  
m olecule.
i i i )  The presence  of a la rg e  number of p o s i t io n a l  isom ers 
r e s u l t in g  from the  o r ig in a l  ch lo rom ethy la tion .
The presence  o f a la rg e  number o f p o s i t io n a l  isomers i s  an 
obvious d isadvan tage  in  th i s  approach. I t  has been shown th a t  
s e p a ra tio n  o f th e  isom ers o f ch lorom ethy lated  phthalocyanine i s  
v e ry  d i f f i c u l t  and hence t h i s  method of a lk y la t in g  p h th a lo ­
cyanine was r e je c te d .
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A more s u i ta b le  method of p ra p a ra tio n  of p e rip h era lly - 
s u b s t i tu te d  ph tha locyan ines would be to  make use of a lk y l sub­
s t i t u t e d  p recu rso rs*  Some work on th i s  su b je c t has been c a r r ie d  
out by Sammes and th i s  approach appeared to  ho ld  some prom ise.
By u s in g  methyl s u b s t i tu te d  p h th a lo n i t r i l e ,  Sammes produced 
pigments having  n o tic e a b ly  in c reased  s o lu b i l i ty  in  arom atic 
s o l v e n t s A l s o ,  from P.M.It. sp e c tra  o f d ipo tassium  te t r a k i s  
(m ethy l)-ph tha locyan ine  d ic y a n o fe r ra te , some evidence was a lso  
ob ta ined  th a t  th e  s u b s t i tu te d  pigment was a s in g le  isom er. The 
a lk y l s id e  chain  appeared to  have some d ir e c t in g  in flu en ce  on the  
way th e  o -p h th a lic  u n i ts  l in k e d  up.
I t  has been shown th a t  sym m etrical s u b s t i tu e n ts  around the
(50 51)ph thalocyan ine  r in g  do not le a d  to  more so lu b le  compoundsw  3 »
T his i s  presum ably due to  th e  r e te n t io n  o f symmetry in  th e  m olecule, 
and consequent s t a b i l i s a t i o n  o f th e  c ry s ta l  l a t t i c e .  Work by 
Sammes a lso  showed th a t  s u b s t i tu t io n  in  the  4-p o s i t io n  appeared 
to  have more e f f e c t  upon th e  s o lu b i l i ty  th an  s u b s t i tu e n ts  in  the
3-p o s i t io n .
I t  was decided to  extend th e  work c a r r ie d  out by Sammes using  
somewhat la r g e r  s u b s t i tu e n t  groups. I t  appeared from th e  above 
re a so n in g  th a t  s a t i s f a c t o r i l y  so lu b le  ph thalocyan ines should be 
o b ta in ed  by sy n th e s is  from o -p h th a lic  u n i ts  b e a r in g  a s in g le  sub­
s t i t u e n t  in  th e  4~P0Si ^ i ° n * Furtherm ore i t  had been shown by 
Sammes th a t  s u b s ti tu e n ts  in  th e  3-p o s i t io n  tended to  cause
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d i f f i c u l t i e s  in  sy n th e s is  i f  th e  group was la rg e r  th a n  m ethyl,
ap p a ren tly  due to  s t e r i c  e f f e c t s 5 i . e .  The opening o f a f iv e
membered r in g ,  which i s  an e s s e n t ia l  p a r t  of th e  proposed o - d i n i t r i l e
s y n th e s is ,  i s  ex trem ely  d i f f i c u l t  i f  th e  3- s u b s t i tu e n t  i s  l a r g e .
T his d i f f i c u l t y  in  opening s t e r i c a l l y  h indered  f iv e  membered r in g s
(53)has been observed b e fo re  «
R 0  R
NH-
j
0
<?5^ v ^ conh2
J ( I f  H>C»3 )
I t  was b e lie v ed  from g en era l p r in c ip le s  t h a t ,  as in  th e  
di-ralkoxy - s i l ic o n -p h th a lo c y a n in e s , th e re  would be an optimum 
chain  le n g th , above which th e  s o lu b i l i ty  o f th e  pigment would 
d ec rease . I t  was not c le a r  what t h i s  optimum chain  len g th  was l ik e ly  
to  b e , s in ce  on ly  two a lk y l chains were involved  in  th e  s i l ic o n  
d e r iv a tiv e s  and fo u r  chains would be involved  h e re . S ince two 
chains o f te n  carbon atoms were found to  g ive optimum co n d itio n s  
f o r  s o lu b i l i t y  in  th e  s i l i c o n  p h th a lo cy an in es , i t  was thought th a t  
fo u r  chains o f  f iv e  carbon atoms may be a  reaso n ab le  analogy fo r  
p e r ip h e ra l  s u b s t i tu t io n .
Chain b ranch ing  was expected  to  in c re a se  th e  s o lu b i l i ty  o f the  
a lk y l s u b s t i tu te d  ph thalocyan ines because o f th e  in c reased  bu lk in ess  
o f  th e  group. However i t  has-been  shown th a t  th e re  appears to  be 
l i t t l e  d if fe re n c e  w hether th e  chain  i s  s t r a ig h t  or branched. Both 
n -p e n ty l and t - b u ty l  s u b s t i tu te d  ph thalocyanines have been prepared
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and bo th  have been shown to  have very  high  s o lu b i l i ty  in  non-po lar 
s o lv e n ts . Any d if fe re n c e s  in  s o lu b i l i ty  a re  only  s l ig h t  and no 
conclusions can be drawn.
B) T e tra k is (4 -n -p e n ty l)-p h tha locyan ines
I t  was proposed th a t  4-n -p e n ty l p h th a lo n i t r i le  would serve  as 
a p recu rso r to  a lk y l s u b s t i tu te d  ph thalocyan ines which would have 
co n sid e rab ly  in c re a se d  s o lu b i l i ty  in  non-po lar so lv e n ts . 4-A lkyl 
p h th a lic  d e r iv a t iv e s  have been l i t t l e  s tu d ie d  to  da te  where th e  
a lk y l group i s  la r g e r  th an  e th y l .  The sy n th es is  which was 
devised was based upon th e  D ie ls-A ld er re a c t io n  of a 2 -a lk y l 
s u b s t i tu te d  d iene w ith  m aleic anhydride to  g ive a reduced 4-a lk y l 
p h th a lic  anhydride .
The re a c t io n  appeared to  be f a i r l y  g en era l f o r  a lk y l s u b s t i ­
tu e n ts  a lthough  th e  sy n th e s is  involved  a la rg e  number of s te p s .
S yn th esis  of 4 -n -p en ty l p h th a lo n i t r i le
The s t a r t i n g  m a te r ia l which was 1-h ep tan a l was r e a d i ly  a v a ila b le . 
I t  was su b jec te d  to  a Mannich re a c t io n  u sin g  formaldehyde and 
dim ethyl amine hydroch lo ride  The Mannich in te rm ed ia te  was not
is o la te d  b u t steam  d i s t i l l a t i o n  of th e  re a c t io n  m ixture caused i t
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to  undergo Hofmann e lim in a tio n  to  g ive 2 -n -p en ty l a c ro le in .
CH-(CH ) CH CHO — a - C H ^G H j- CH CHO — =*• CH0(GHo) G CHO 
5 d i\ d 5 d 4 | 5 d 4 j|
CH_ GH-| 2
h (ch3)2 HC1
The 2-n -p e n ty l a c ro le in  was c o lle c te d  by vacuum f r a c t io n a t io n .
The p roduct was allow ed to  re a c t w ith  methyl magnesium iod ide  
in  anhydrous e th e r ? under s tan d a rd  G rignard r e a c t io n  conditions#. 
The complex was decomposed hy h y d ro ch lo ric  a c id  and th e  p ro d u c t9 
2-n -p e n ty l-3-hydroxy-1-hu tene  was d i s t i l l e d
CH_(CH0) , C CHO ------ 3 -  CH-(CH-). C CH OH
3 2 4 |j 5 4  I f  \
CH2 CH2 CH3
Attem pts were made to  dehydrate  th e  secondary a lcoho l in  a
(55)c a ta ly t ic  vapour phase r e a c t io n  over alum inaw  . The secondary 
a lco h o l was passed  down a heated  s i l i c a  tube packed w ith  alumina 
chips# The p y ro sy la te  was th en  washed and d i s t i l l e d  to  g ive a 
d iene f r a c t io n .
C H -(C H jr C— CHOH CH- ( C H j r - C —CH
II \ 3 2 4 II \\
ch2 ch3 ch2 ch2
From th e  P.M.R. spectrum  of th i s  f r a c t io n  i t  was suspected  th a t  a 
m ixture of d ienes were p re s e n t. Base c a ta ly sed  p ro ton  t r a n s f e r  
would cause iso m e ris a tio n  of th e  above 2- a lk y l  bu tad iene  to  a more
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s ta b le  o c tad ien e  d e r iv a tiv e
^  CH-j—(CH ) r - C H  = C —  CH
3 2 3 / I I
ch3 CH2
B
I I I
The s ig n a l due to  th e  methyl group on th e  double bond in  
s t ru c tu re  I I  appeared as a s in g le t  a t  8„0Z in  the  P.M.R. spectrum . 
Also th e  r a t io  of o le f in ic  to  n o n -o le f in ic  p ro tons was too low to 
support s t ru c tu re  I  and too  h igh  to  support s t ru c tu re  I I .
I f  a s im ila r  base ca ta ly sed  p ro to n  t r a n s f e r  were to  occur 
w ith  th e  s t a r t i n g  m a te r ia l th en  one would expect some 3-m ethyl- 
oc tan -2 -one to  be formed
I t  was found, by d i s t i l l a t i o n  of a f u r th e r  f r a c t io n ,  a f t e r  
c o l le c t io n  of th e  d ie n e , th a t  3 -m ethyl-octan-2-one was obtained  
i n  q u ite  h igh  y ie ld .  This compound was c h a ra c te r is e d  by prep­
a ra t io n  of i t s  2 ,4 -d in itropheny lhyd razone  and i t s  sem icarbazone. 
Also th e  P.M.R. spectrum  of th e  compound was e x ac tly  as expected
C H - ( C H 2 ) —  C - C H  OH ■53* C H - ( C H J r - C  = C-OH 3 2 4 I ,
CH3 CH3
CHy-  ( C H _ )  ,— -CH — C =  0  
3 2 4 { »
ch3 ch3
f o r  th i s  s t r u c tu r e .
CH.
(C H j
2 4
CH
■>
c=o
CH.
T r ip le t  
Broad Band 
M u ltip le t
CH^ — Doublet
S in g le t
9.1 X 
B.T5X 
7.52  X
(3p )
(Bp)
(ip )
8 . 9 8 T (3p)
7.96 X  (3p)
S im ila r  rearrangem ents to  th e  above have been n o ticed  in  r e la te d
 ^ (56, 57)compoundsw  ^ .
Since 2 -n -p en ty l-b u ta~ 1 93-diene was re q u ire d  q u ite  pu re , t h i s  
method was u n s a t i s f a c to ry .  I t  was decided to  pyro lyse  th e  a c e ta te  
as th i s  r e a c t io n  was known to  be le s s  l ik e ly  to  cause iso m e risa tio n . 
2 -n -p en ty l-3 -h y d ro x y -1 -b u ten e  was a c e ty la te d  u sin g  a c e tic  anhydride 
and p y r id in e . The a c e ta te  was th en  pyro lysed  over g la ss  b a l l s  by 
d i s t i l l i n g  i t  in to  a p y ro ly s is  tube in  a stream  of n itro g e n .
CH. (C H j ~C~CH  OH
3 2 4 | |  j
ch2 ch3
-3*. CH, (CH_) .— C —CHO.C CH3 2 '4  11 | 2 3
CH2 CH3
ch3 ( ch^ - c -
CH^
The apparatus i s  shown in  F ig . VI
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F ig . VI
The p y ro sy la te  was c o lle c te d  and was washed w ith  sodium hydroxide 
s o lu t io n .  I t  was th en  f r a c t io n a te d  and th e  recovered  a c e ta te  was
re c y c le d . The p rocess was rep ea ted  f iv e  tim es and the  2 -n -p e n ty l-
b u ta -1 , 3-d iene was r e f r a c t io n a te d .
The P.M.R* spectrum  of the  d iene in d ic a te d  an approximate ABX 
system  fo r  th e  o le f in ic  re g io n , w ith  a broadened s in g le t  superim posed. 
The broadened s in g le t  was ass ig n ed  to  th e  in -c h a in  term inal methylene 
group of th e  d iene and the  ABX system to  th e  v in y l grouping. The 
ABX system  was analysed  and th e  r e s u l t s  a re  shown in  Table VI.
2 -n -p e n ty l-b u ta -1 , 3-d iene was allow ed to  r e a c t  w ith  m aleic 
anhydride to  form th e  D ie ls-A ld er adduct ,2 ,3 ,6 - t e t r a -
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h y d ro p h th a lic  anhydride,
0
TABLE VI
VA “ 309.3
/  *c /s CH II 17.7 c /s
VB =S 297.7 c /s
liXh," 11.1 c /s
Vx = 380.0 c /s J AB = 1 .4  c /s
* from T.M.S. a t  60 Mc/sec*
Attem pts were made to  a rom atise  th i s  compound c a ta ly t ic a l ly
/cO)
u sin g  30$ pa llad ium  on charcoal as dehydrogenation c a t a l y s t ^
The system  which was used i s  i l l u s t r a t e d  in  F ig . V II.
The reduced anhydride was heated  in  re f lu x in g  naphthalene and 
a stream  of dry  carbon d iox ide  was passed  through the  apparatus to  
sweep away any hydrogen. The gases were c o lle c te d  over 30$ Potassium  
hydroxide s o lu tio n  which would re a c t  w ith  th e  CO^  and allow  any hydrogen 
to  be c o l le c te d .  However? on ly  a very  sm all amount of 4"ft“Peft'kyl*”
•7 0~
C O , - * ±
WATER
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carbonate
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p h th a lio  anhydride could he ob ta ined  from th e  re a c t io n . I t  was 
c h a ra c te r is e d  by i t s  in f r a - r e d  spectrum  which was id e n t ic a l  w ith  an 
a u th e n tic  sample p repared  l a t e r .  The amount o f c a ta ly s t  re q u ire d  
was v e ry  la rg e  compared w ith  th e  amount o f m a te r ia l th a t  was used .
Hence i t  appeared to  be a ve ry  uneconomical method of o b ta in in g  
4 -n -p en ty l p h th a lic  anhydride, and was abandoned.
An a p p a re n tly  b e t t e r  method of a ro m a tisa tio n  was by o x id a tiv e  
( 59)brom ination  . 4 -n -p e n ty l-1 ,2 ,3 ,6 - te tra h y d ro p h th a lic  anhydride was 
brom inated u s in g  e lem ental bromine in  a c e t ic  a c id , Dehydrobromination 
was e f fe c te d  by removing th e  so lv en t and h e a tin g  th e  re s id u e  a t  200° 
f o r  s e v e ra l h o u rs . Hydrogen bromide was evolved, and d i s t i l l a t i o n  
o f th e  b la ck  t a r  which rem ained y ie ld e d  4 ~ n -p e n ty l-p h th a lic  
anhydride .
0 0
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4 -n -p en ty l -p h t ha 1 i  c anhydride was converted  in to  4 -n -p en ty l 
ph thalim ide by i n i t i a l l y  re a c t in g  i t  w ith  0«88 ammonia so lu tio n #  
The w ater and excess ammonia were th en  b o ile d  o f f  and th e  re s id u e  
heated slow ly  to  250°. Upon co o lin g , th e  imide c r y s t a l l i s e d ^ ^ ,
4 -n -p en ty l phthalam ide was p repared  from th e  imide by s t i r r i n g  w ith
(61 )0 .8 8  ammonia s o lu tio n  f o r  24 h o u rs ' , and was dehydrated by pass in g
(62)phosgene gas th rough  a p y rid in e  s o lu tio n  of th e  d i-am id e ' • 
4 -n -p e n ty l - p h th a lo n i t r i le  was c o lle c te d  by d i s t i l l a t i o n ,  as a 
c o lo u rle ss  o i l .
CONE
CONE
T e tra k is  (4 -n -p en t.y l) -ph tha locyan ines
T e tra k is  (4 -n -p en ty l ) -p h th a lo c y a n in e  was p re p a red  by
th e  d e m e ta lla tio n  o f t e t r a k i s  (4 -n -p en ty l )-p h th a lo cy an in e -d iso d iu m
The disodium  d e r iv a t iv e  was p repared  from sodium amyloxide and 4~n-
(17)p e n ty l - p h th a lo n i t r i le  u s in g  s tan d a rd  co n d itio n s  • The disodium 
d e r iv a t iv e  which was formed was dem eta lla ted  by re f lu x in g  w ith 
a c e t ic  a c id . The m etal f r e e  pigment was shown to  be extrem ely 
so lu b le  in  n o n -p o la r so lv en ts  and was p u r if ie d  by chromatography on
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alumina (Broekmann a c t i v i ty  2 ) , u sing  benzene as e lu e n t .
\A/
The product could  not be o b ta ined  c r y s ta l l in e  although i t  was 
found to  be a n a ly t ic a l ly  pure as i t  was c o lle c te d  from th e  chromato­
graphy column# The reaso n  f o r  th i s  may be due to  the  presence of a 
number of p o s i t io n a l  isom ers. However a l l  a ttem pts to  prove the  
p resence o f isom ers by chromatography f a i l e d .
Work has been c a r r ie d  out on te tr a k is ( a lk y l) - te t r a z a p o r p h in s  by 
L e w i s u s i n g  s u b s t i tu e n ts  which included  methyl and neo-pen ty l 
groups. He observed th a t  no s e p a ra t io n  was p o ss ib le  o f th e  isomers 
of te t r a k is -m e th y l- te tra z a p o rp h in . However he was ab le  to  e f fe c t  a 
p a r t i a l  s e p a ra tio n  o f th e  p o s i t io n a l  isom ers of te tra k is -n e o -p e n ty l -  
te tra z a p o rp h in  u s in g  T.L .C . o r column chrom atorgaphy. Since the  
method of p re p a ra tio n  of te tra z a p o rp h in  i s  s im ila r  to  th a t  of 
phthalocyanine i t  can be reaso n ab ly  suggested  th a t  the  t e t r a k i s (4-  
a lk y l)-p h th a lo c y a n in es  may e x is t  as an isomer m ix tu re . The a b i l i t y  
to  e f f e c t  a s e p a ra tio n  appears to  depend* a t  l e a s t  p a r t i a l l y  upon the  
s iz e  of th e  s u b s t i tu e n t  group. This may w ell a f f e c t  th e  p o la r i ty  
o f th e  f i n a l  iso m ers5 i . e .  a bulky s u b s t i tu e n t  group may cause 
la rg e  d if fe re n c e s  in  p o la r i ty  between p a r t i c u la r  isom ers and so 
allow  them to  be sep a ra te d  by chromatography. Hence i t  may be- 
p o ss ib le  to  s e p a ra te  th e  ph thalocyan ine  isom ers by the  use of la rg e r
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a lk y l groups* This i s  d iscu ssed  in  more d e ta i l  l a t e r .
No attem pt was made in  t h i s  work to  p repare  a la rg e  number of 
m etal d e r iv a t iv e s  o f th e se  p h th a lo cy an in es . A ttem pts were made 
on ly  to  p rep are  th e  n ic k e l complex, a lthough  i t  was assumed th a t  
o th e r  m etal complexes could be made by s im ila r  methods*
Attem pts to  p repare  t e t r a k i s ( 4-n -p en ty l)-n ick e l~ p h th a lo cy an in e  
from 4~ n-pen ty l p h th a lo n i t r i le  and anhydrous n ic k e l c h lo rid e , f a i le d .  
This was presum ably due to  th e  therm al decom position of th e  d i n i t r i l e  
b e fo re  th e  r e a c t io n  tem peratu re  could be reached . However t e t r a k i s -  
( 4-n -p e n ty l) -n ic k e l-p h th a lo c y a n in e  was p repared  by the  re a c tio n  of 
t e t r a k i s ( 4-n -p e n ty l) -m e ta l free -p h th a lo cy an in e  w ith  anhydrous n ic k e l 
ch lo rid e  in  q u in o lin e  as s o lv e n t . The y ie ld  was high and the  
p roduct was ag a in  p u r i f ie d  by chromatography on alumina u sin g  benzene 
as e lu e n t .
Experim ental
A ll an a lyses g iven  in  th i s  s e c tio n  were c a r r ie d  out by 
Dr. A. B ern h ard t, Max P lanck  I h s t i t u t  f u r  K ohlenforschung, Mulheim 
(R uhr), Germany.
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2-n -P en ty l A cro le in
1~Heptam l ( r e d i s t i l l e d  b .p .  153-157°) (128 g ) ,  dimethylamine 
hydroch loride  ( 97-5  g) and fo rm alin  (90 g) were heated  to g e th e r a t 
70° f o r  24 h o u rs . The m ixture was th en  t r a n s fe r r e d  to  a round 
bottomed f la s k  ( 1 1 ) and steam d i s t i l l e d .
The o rg an ic  la y e r ,  o f th e  d i s t i l l a t e ,  was sep a ra te d , d rie d  over 
magnesium su lp h a te  and d i s t i l l e d  under reduced p re ssu re  through a 
vacuum ja c k e tte d  column (15 cm, h e l ix  packed). The f r a c t io n  
c o n s is tin g  of 2-n ~ p e n ty l-a c ro le in  was c o lle c te d  b .p . 69- 70° (30 mm$ 
1.4375S L i t  t>.p. 12*/30 mmj n?° 1 -4373^55^- Y ield  107.4  g 
(73$).
2-n-Pent y l-3 -h y d ro x y -1-b u t ene
Magnesium tu rn in g s  (5*3 g) were p laced  in  a f la s k  equipped w ith  
a re f lu x  condenser, dropping fu n n e l and a m echanical s t i r r e r .  Pry 
e th e r (30 ml) was added. A s o lu t io n  of methyl iod ide  (31*2 g) in  
dry  e th e r  (75 ml )  w&s th en  added slow ly w ith  s t i r r i n g .  The m ixture 
was s t i r r e d  f o r  a f u r th e r  20 m inutes and th en  n -p e n ty l-a c ro le in  
( 25-3  g) in  d ry  e th e r  (70 ml) was added dropw ise. The m ixture was 
allow ed to  s t i r  f o r  an a d d itio n a l 20 minutes and was th en  poured on 
to  crushed ic e  (200 g ) .
6$ H ydrochloric  a c id  (80 ml) was added and th e  yellow  e th e r  
s o lu tio n  was se p a ra te d . The aqueous la y e r  was e x tra c te d  w ith  e th e r  
(4  x 30 ml p o r t io n s )  and th e  combined e x tra c ts  were d rie d  over
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magnesium su lp h a te . The e th e r  was removed by d i s t i l l a t i o n  and the 
product was vacuum f r a c t io n a te d .  2-n -p e n ty l-3-hydroxy-1-bu tene  was 
c o lle c te d  b .p .  68°/3 mm5 1*4449? L i t .  b .p .  68° /  3 mm5
n^° 1 , 4 4 4 8 ^ .  Y ield  22.5 g (79%)•
2 -n -P e n ty l-b u ta -1 ,3 -d ie n e  (D ehydration Method’)
2-n-Pent y l-3 -h y d ro x y -1-b u tene  (63° 7 s )  was added dropwise to  a 
s i l i c a  column packed w ith  alum ina chips (s iev e  s iz e  6-10)* and heated  
e l e c t r i c a l l y  to  240-250°. The drop r a te  was approxim ately  1 d ro p / 
sec . The is s u in g  gases were condensed and c o lle c te d  in  a re c e iv e r  
which was cooled in  a dry  ice/m ethano l b a th . The re a c t io n  was 
c a r r ie d  out in  a slow stream  of d ry  n itro g e n . A fte r th e  re a c tio n  
had been completed* th e  o rgan ic  la y e r  was separated*  d rie d  over 
magnesium su lp h a te  and f r a c t io n a l ly  d i s t i l l e d  through a 15 inch  h e lix  
packed vacuum ja c k e tte d  column. The diene f r a c t io n  was c o lle c te d
b .p .  148- 152° ,  n^4 1.44725 L i t .  b .p .  148-149° 1 . 4510^ .
Y ield  20.0  g (36$ ) .
A h ig h e r b o i l in g  f r a c t io n  was c o lle c te d  (b .p . 7 4 -7 5 °/l8  n o )/
which was shown to  c o n s is t of 3 -m ethy l-octan -2 -one. ( t i t .  b .p .
6 2 -6 3 ° /l8  mm )• The 2 ,4 -d in itro p h en y lh y d razo n e  and sem icarbazone
(66)
d e r iv a tiv e s  were p repared  by s tan d a rd  methods 5 2 . 4~P«>N*I)*
rn.p. 56- 57° sem icarbaxone m.p. 98° ^ ^ *
2-n-Pent.y l-3-acetoxy-1  -bu tene
2-n -P en ty l-3 -hydroxy-1 -bu tene  (146 s )  was heated  w ith  a c e tic
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anhydride (309 g) and p y rid in e  (1 ml) on a steam  b a th  fo r  14 hours.
The product was poured on to  w ater (200 ml) and th e  o rgan ic  la y e r  
was s e p a ra te d . The o rg an ic  la y e r  was washed w ith  s a tu ra te d  sodium 
carbonate  s o lu t io n  and th en  w ith  w a ter. I t  was th en  d r ie d  over 
anhydrous sodium su lp h a te . The product was vacuum d i s t i l l e d  g iv in g
2-n -p en ty l-3 -ace to x y -1  -bu ten e  b .p .  6 7 °/2 .3  mm L i t .  78°/4 m m ^ ^ .
Y ield  168 g (89$ ) .
2 -n -P en ty l—buta-1»3 -d iene  (P y ro ly s is  Method)
The ap p ara tu s  which was used i s  rep re se n te d  in  P ig . VI. The 
p y ro ly s is  column was packed w ith  g la ss  b a l l s  (4 mm diam .) and was 
heated* under reduced p re ssu re  (120 mm) to  38O-4OO0 . The o i l  b a th  
was slow ly  h ea ted  to  180° w hile a stream  of n itro g e n  was passed 
through th e  a p p a ra tu s . At t h i s  tem peratu re  2 -n -p en ty l-3 -aco to x y -
1-bu tene (160 g) was c a r r ie d  over in  the  vapour s t a t e  in to  the 
p y ro ly s is  tu b e . The tem peratu re  was measured by means of a thermo­
couple in s e r te d  in to  a pyrex tube  which was sea le d  a t one end, as 
shown. The p y ro sy la te  was condensed u sin g  a c o il  condenser and 
f i n a l l y  c o lle c te d  in  an ace to n e /d ry  ic e  t r a p .
The p y ro sy la te  was washed w ith  w ater (3 x 150 ml) and w ith  15$ 
sodium hydroxide s o lu t io n  (2 x 150 ml) and was d rie d  over magnesium 
s u lp h a te . I t  was f r a c t io n a te d  through a 25 cm helix-packed* vacuum 
ja c k e tte d  column and th e  d iene f r a c t io n  b .p . 72-80°/60 mm was c o lle c te d . 
A f u r th e r  f r a c t io n  c o n s is tin g  o f recovered  a c e ta te  was c o lle c te d
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b .p . 1280/  60 mm. The recovered  a c e ta te  was recy c led  through th e  
p y ro ly s is  s te p  and th e  whole p rocess rep ea ted  u n t i l  only a sm all 
amount of a c e ta te  remained ( i . e .  5 p y ro ly s is  c y c le s ) .
The d iene f r a c t io n s  were combined and re f ra c t io n a te d  y ie ld in g  
pure 2~ n -p e n ty l-b u ta -1 , 3-d ien e  b .p .  70- 71° / 5 .8  mm n^° 1 . 4450$
L i t .b .p .  68- 69 . 5/65  mm ? n^° 1.4450^67^. Y ield  28.0 g (31$ on 
unrecovered a c e ta te )*
4-n-Pent.yl-1 s2 ,3 s 6- te tra h .y d ro p h th a lic  anhydride
i )  2 -n -P en ty l- 'b u ta -1 ,3 -d ien e  (22.5 g) was d isso lv ed  in  a c e t ic  
ac id  (90 ml) and m aleic anhydride (6 .5  g) was added. The m ixture 
was shaken a t  room tem peratu re  f o r  24 hours and was then  added to  
w ater (500 ml) and s t i r r e d  f o r  24 hours. The w hite s o l id  was 
f i l t e r e d  and d r ie d . The w hite s o l id  c o n s is te d  m ainly of 4 -n -p e n ty l-  
1 ,2 ?3 j6 - te tra h y d ro p h th a lic  a c id , and i t  was heated  slow ly during  1 
hour up to  i t s  b o il in g  p o in t .  I t  was then  d i s t i l l e d  under reduced 
p ressu re  y ie ld in g  4 ~ n -p e n ty l-1 ? 2 ,3 ,6 - te tra h y d ro p h th a lic  anhydride 
b .p .  1 7 6 -1 7 8 %  .5  mm, which s o l id i f ie d  upon co o lin g . Y ield 37*5 S 
(9 3 .2 $ ).
i i )  2 -n -P e n ty l-b u ta - l ,3 -d ie n e  (5 g) was d isso lv ed  in  dry  e th e r  
(50 nil) and m aleic anhydride (6 g) was added. The m ixture was heated 
in  a l in e d  au to c lav e  a t 50° f ° r  24 hours. Upon coo ling  th e  m ixture 
was removed and th e  e th e r  was allow ed to  evaporate  g iv in g  a c r y s ta l l in e  
re s id u e . 4-n - p e n ty l - 152 ,3 j6 - te tra h y d ro p h th a lic  anhydride was
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c o lle c te d  and was r e c r y s t a l l i s e d  from l ig h t  petroleum  ("b.p* 60-80°) 
as c o lo u r le ss  p la te s  m.p. 49- 5O0 L i t .  m.p. 49-50 b  Y ield  8 .0  g 
(9035).
4 -n -P en t.y l-p h th a lic  anhydride
i )  C a ta ly tic  Methods- The apparatus used has been desc rib ed
p re v io u s ly  (F ig . V I l) .  The re a c t io n  v e sse l was charged w ith
4 -n -p e n ty l~ 1 ,2 ,3 ,6 - te tra h y d ro p h th a lic  anhydride (258 mg), 30$
(63)palladium  on charcoa l (p repared  as desc rib ed  by L instead  ' )  (240 mg) 
and naphthalene (1-0 g ) .  The apparatus was purged w ith  00^ u n t i l  
no a i r  was l e f t .  The re a c t io n  v e sse l wets th en  heated  u n t i l  th e  
naphthalene re f lu x e d  v ig o ro u s ly  and CO^  was passed through th e  appar­
a tu s  f o r  6 h o u rs . L i t t l e  hydrogen gas was c o lle c te d . The re a c t io n  
m ixture was coo led , d is so lv e d  in  e th e r ,  and th e  c a ta ly s t  f i l t e r e d  o f f .  
The e th e r  was removed by d i s t i l l a t i o n  and th e  product was s t i r r e d  w ith  
10$ potassium  hydroxide s o lu t io n  (20 ml) f o r  3 hou rs. The nap h th a l­
ene was removed by e th e r  e x tra c t io n  and th e  aqueous s o lu tio n  was 
a c id i f ie d .  The p r e c ip i ta te  was e x tra c te d  in to  e th e r  and th e  e th e r  
was removed by d i s t i l l a t i o n .  A sm all amount of re s id u e  remained 
which was 'su b lim ed 1 to  give one drop of a c o lo u rle ss  o i l .  I t  was 
l a t e r  confirm ed as be in g  4 -n -p e n ty l-p h th a lic  anhydride, by comparison 
o f I .R . s p e c tra .
i i )  O x idative  B rom inations- 4 -n -P c n ty l- l ,2 ,3 ,6 - te tra h y d ro -  
p h th a lic  anhydride (32.5 g) was d isso lv ed  in  a c e t ic  ac id  (47 &J.) armi
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heated  to  100 • A s o lu tio n  of "bromine (62 .5  g) in  a c e t ic  a c id  
(58 ml) was added dropwise over 90 m inutes. The m ixture was th en  
re flu x ed  f o r  a f u r th e r  16 hou rs .
The so lv en t was removed by ro ta ry  ev ap o ra tio n  and the  b lack  
l iq u id  which rem ained was h eated  on an o i l  b a th  a t  180- 200° f o r  10 
hours. The b la ck  s t ic k y  mass which remained was th en  d i s t i l l e d  a t
high vacuum g iv in g  a ye llow -green  o i l .  This was r e d i s t i l l e d  g iv in g
4 -n -p e n ty l-p h th a lic  anhydride as a  co lo u rle ss  o i l .  Y ield 25*5 g 
(80$).
4-n-Pent y l -p h t ha l imide
4 -n -P en ty l p h th a lic  anhydride (1 g) was allow ed to  re a c t  w ith  
0.88 ammonia s o lu t io n  (4 ml) and th e  m ixture was slow ly hea ted . The 
excess ammonia and w ater were b o ile d  o ff  and th e  re s id u e  was heated  
to  25O0. The m ixture s o l id i f i e d  on coo lin g  g iv in g  4-n -p e n ty l-  
phthalim ide as an orange co loured  s o l id .  The product was r e c r y s ta l ­
l i s e d  from 98$ e th a n o l, m.p. 117°« Y ield 0 .8  g (80$).
re q u ire s  C = 71*86 H = 6 .96  N = 6.45 $
Found C = 71.77 H = 6.82 H" = 6 .56  $
4 -n -P en ty l-p h t halam i de
4 -n -P en ty l ph thalim ide  (300 mg) was shaken w ith  0 .88  ammonia 
so lu tio n  (3 ml) and allow ed to  stand  a t  room tem peratu re  fo r  24 hours. 
The product was f i l t e r e d ,  d r ie d  and was r e c r y s ta l l i s e d  from e th an o l,
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m.p. 170°« Y ield  264 nig (81.5$)«
C*13 ^18 ^2 ^2 r e l u ire s  ^ “ 66.64  H = 7 .74  IT « H .96  fo
Found C = 66.57 H = 7*64 N = 11.84  $
4- n - P e n t y l - p h t h a l o n i t r i l e
4 -n -P en ty l-ph tha lam ide  (10 g) was d isso lv ed  in  dry  p y rid in e  (150 nil) 
and th e  m ixture heated  to  90°• A ra p id  stream  of phosgene was
passed th rough  th e  s o lu t io n  f o r  9°  m inutes and th e  m ixture became
b lack  and s t ic k y .  Crushed ic e  was c a re fu l ly  added and the  product 
was worked up w ith  w a te r , and a c id i f ie d  w ith  co n cen tra ted  h y d roch lo ric  
a c id . The dark  co loured  aqueous s o lu tio n  was e x tra c te d  con tinuously  
w ith  e th e r  (100 ml) f o r  8 hou rs . The e th e r  was removed by d i s t i l ­
la t io n  g iv in g  a brown l iq u id  re s id u e . The re s id u e  was d i s t i l l e d  
g iv in g  4-n - p e n ty l - p h th a lo n i t r i le  as an o i l ,  b .p .  144- 149° / o *4 mm.
Y ield 6 .3  g (74 . 556) .
C13 H14 H2 re q u ire s  C = 78.75 H = 7*12 N = 14*14 i  
Found C = 78.64  H = 7 .06 IT = 13*94 %
T e tra k is ( 4 -n -p e n ty l) - .p h th a lo c y an in e
a) T e tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e -d iso d iu m s  Sodium 
m etal (190 mg) was allow ed to  re a c t  w ith  1-p en tan o l (10 ml) and the 
m ixture was h eated  under r e f lu x .  4“n -p e n ty l-p h th a lo n i t r i le  (700  mg) 
in  1-p en tan o l (1 ml) was th en  added and th e  m ixture was re flu x ed  fo r  
a fu r th e r  10 m inutes. The green  so lu tio n  was evaporated  to  dryness 
g iv in g  impure t e t r a k i s  (4-n -p e n ty l )—p h th a lo c y an in e -d iso d iu m  as a g reen  
s o l id .
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Id) T e tra k is  (4 -n -p en ty l ) - p h th a lo c y a n in e : -  The 
te t r a k is  (4-n -p e n ty l ) -p h th a lo c y a n in e -d iso d iu m , p re p a red  above was 
re flu x ed  w ith  50$ a c e tio  a c id  f o r  2 hours. The product was f i l t e r e d  
o ff  and d r ie d . The crude m etal f re e  pigment was d isso lv ed  in  benzene 
and chromatographed on alumina u s in g  benzene as e lu e n t . The e lu a te  
was evaporated to  dryness and th e  product was worked up w ith  methanol 
in  which i t  was in s o lu b le . T e tra k is (4 -n -p e n ty l) -
ph thalocyanine was f i l t e r e d  o ff  as a b lue  s o l id  w ith  a red  l u s t r e .
A ll a ttem pts to  c r y s t a l l i s e  the  compound f a i le d  but i t  could be ob ta ined  
a n a ly t ic a l ly  pure by chromatography. Y ield 360 mg (51$) • No m.p. 
below 350°•
C^2 Ng re q u ire s  C = 78.55  H = 7*35 N = 14*10 $
Found C = 78.74 H = 7*09 N = 14*03 $
T e trak is  (4 -n -p en ty l ) -p h tlia lo c y a n in e -n ic k e l
i )  A ttem pts to  p repare  t e t r a k i s  (4 -n -p en ty l ) -p h th a lo c y a n in e -n ic k e l 
from 4 -n -p en ty l p h th a lo n i t r i le  and n ic k e l c h lo r id e , w ith , or w ithout
a so lv e n t, a l l  f a i l e d .  This was presumably due to  the therm al 
in s t a b i l i t y  of 4 - n - p e n ty l- p h th a lo n i t r i le .
i i )  T e tra k is  (4 -n -p e n ty l) -p h th a lo c y a n in e  (210 mg)'
and anhydrous n ic k e l ch lo rid e  (200 mg) were re f lu x e d  in  qu in o lin e  
(5 ml) f o r  90 m inu tes. The m ixture was d isso lv ed  in  benzene and 
washed w ith  6$ h y d ro ch lo ric  a c id  (4 x 100 m l). The benzene so lu tio n  
was d rie d  over magnesium su lp h a te , f i l t e r e d  and the  f i l t r a t e  was
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chromatographed on alum ina u s in g  benzene as e lu e n t . The e lu a te  
was evaporated  to  dryness and th e  product worked up w ith  m ethanol. 
T e trak is  (4 -n -p en ty l )p h th a lo c y a h in e -n i eke 1 was is o la te d  as a b lue
s o l id  w ith  a re d  re flex .. Y ield  200 mg (89$ ) .
C H ^ Ng Ni re q u ire s  C = 73*33 H = 6.63 N = 13.16 $
Found C * 73.51 H = 6.80 N = 13.01 $
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C) T e tra k is  ( 3 -m eth y l-4 -n -b u ty l )-p h thalocyan ines
T e tra k is  (4 -n -p en ty l)-p h th a lo cy an in es  have been p repared  and 
have been found to  have a much enhanced s o lu b i l i ty  in  no n -p o la r 
s o lv e n ts . I t  appeared l ik e ly  th a t  th e  p e r ip h e ra l a lk y l chains 
would low er th e  l a t t i c e  energy of th e  s o l id ,  and indeed th e  in c ­
reased  s o lu b i l i t y  s tro n g ly  suggests t h i s .  Moreover the  t e t r a k i s  
(4-n -p en ty l)-p h th a lo cy a n in e s  could not be ob ta ined  in  a c r y s ta l l in e  
s t a t e .  The p a ren t ph thalocyan ines form c r y s t a l l i t e s  very  e a s i ly ,  
e i th e r  from t h e i r  d i lu te  s o lu tio n s  o r by th e  p rocess of su b lim a tio n . 
They a re  very  sp a r in g ly  so lu b le  and in  s o lu tio n  appear, from l ig h t  
a b so rp tio n  s tu d ie s  to  e x is t  in  an aggregated  form . The d i-a lk o x y  -  
s ilic o n -p h th a lo c y a n in e s , which cannot, o f cou rse , form analogous 
la y e red  m olecular a g g reg a te s , n e v e rth e le ss  c r y s ta l l i s e  r e a d i ly .
Hence, d e sp ite  th e  presence of the  a lk y l ch a in s , the amorphous 
na tu re  of th e  t e t r a k i s ( 4-n -p e n ty l)-p h th a lo cy a n in e s  i s  r a th e r  c u rio u s . 
The p o s s ib i l i t y  a r i s e s  th a t  th e  amorphous n a tu re  of th ese  compounds 
i s  not a d i r e c t  r e s u l t  o f th e  presence of a lk y l ch a in s , but sim ply 
th a t  an isom er m ixture i s  p re s e n t. P ro ton  m agnetic resonance 
s tu d ie s  on th e se  compounds, which a re  d iscu ssed  l a t e r ,  a lso  le ad  to  
th e  su sp ic io n  th a t  a  m ixture o f isom ers may be p re se n t.
Sammes, in  h is  work on th e  t e t r a k i s ( 3-m ethy l)-ph tha locyan ines 
suggested , from P.M.R. s tu d ie s  th a t  a s in g le  isom er was p re s e n t '1 1 % 
I t  was thought th a t  th i s  might r e s u l t  from a s t e r i c  e f f e c t  of the
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3-m ethyl s u b s t i tu e n t  in  3-m ethyl p h th a lo n i t r i le  causing  the  
o_— p h tlia lic  u n i ts  to  u n ite  in  a s in g le  sen se , r a th e r  than  randomly* 
I t  was f e l t  th a t  an arrangem ent of the  s u b s t i tu e n ts  as in  the  
diagram would th e re fo re  be u n lik e ly .
CH. CH.
A more probab le  o r ie n ta t io n  would be w ith  th e  methyl groups symmet' 
r i c a l l y  d i s t r ib u te d *-
CH
CH
CH
CH.
4 - S u b s titu e n ts  in  p h th a lo n i t r i le  would not however be expected 
to  e x e r t such a marked d ir e c t in g  e f f e c t  on th e  course of the  n i t r i l e  
condensation  so th a t  te tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e  would not 
be expected to  be a s in g le  p o s i t io n a l  isom er.
I t  seemed th a t  a la rg e  group in  the  3 -p o s it io n  o f p h th a lo n i t r i le
would "best d i r e c t  the  condensation  to  g ive a s in g le  ph thalocyanine 
p roduct. I t  has been found however th a t  th e se  3- s u b s t i tu te d  
p h th a lo n itr i le S a re  d i f f i c u l t  to  make.
A p o s s ib le  way of avo id ing  th i s  d i f f i c u l ty  was to  employ
3-m ethyl- 4 (o r 5 )” a lk y l~ p b th a lo n i t r i le s .  smapj s u b s ti tu e n t in
th e  3 -p o s it io n  would d i r e c t  th e  condensation  o f th e  p h th a lic  u n its  
so as to  g ive a s in g le  pigment isom er. The la rg e r  s u b s ti tu e n t in  
e i th e r  th e  4-  o r 5”‘P o s it io n  would im part enhanced s o lu b i l i ty  to  the  
p ro d u c t.
Hence the  sy n th e s is  of te tra k is (3 -m e th y l-4 -n -b u ty l) -p h th a lo -  
cyanine was u n dertaken . The f in a l  product would be an isomer of 
te tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e  and a comparison of the  s o lu b i l ­
i t i e s  would be o f i n t e r e s t .  The re a c tio n  scheme which was used i s  
i l l u s t r a t e d  below.
Attem pted P re p a ra tio n  o f T e trak is (3 -m eth y l-4 -n -b u t.y l)-p h th a lo cy an in es
2-Heptanone was cyanoethy la ted  by th e  method of Shusherina and 
c o w o r k e r s u s i n g  a la rg e  excess of th e  ke to n e . 4-A cetyl -  
o c ta n o n i t r i le  was is o la te d  by d i s t i l l a t i o n  of th e  re a c t io n  m ix tu re . 
The y ie ld  never approached th a t  re p o rte d  by S husherina? and even 
a f t e r  s e v e ra l r e p e t i t io n s  of th e  p re p a ra tio n  was 20$ low er.
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Acid h y d ro ly s is  of th e  n i t r i l e  to  4 -ace ty l-1 -o c tan o i©  ac id  by the  
l i t e r a t u r e  m e th o d ^ ^  was u n s a t is fa c to ry  hu t a lk a l in e  h y d ro ly s is  
gave co n sid e rab ly  improved y ie ld s .
^ H2.
CH3 (CH2 ) 3 . CH CH2 CH (^CHp )^ . CH C ^I .
CH3 *“ C = 0 CH3 -  C = 0 C02H
4 -A c e ty l-1 -o c ta n o ic  ac id  was is o la te d  by d i s t i l l a t i o n  and th e  
£ -e n o l la c to n e  was p repared  by th e  e lim in a tio n  of w ater. The 
method suggested  by S husherina , u s in g  a c e t ic  anhydride, again  proved 
u n s a t is fa c to ry  and i t  was found advantageous to  use a c e ty l ch lo rid e  
as dehydra ting  ag en t. The y ie ld  was th e reb y  much improved, 
c y c l is a t io n  ta k in g  p lace  to  g ive a reduced 2-pyrone d e r iv a t iv e .
ch9 ch9
X  2\  /  \
C H ,(C H j,.C H  CH„ CH,(CEL), .C  CH„
I I II |
CH3 -  C = 0 002H CH3 -  C ^ 0
0
The next s tag e  in  the  sequence involved  o x id a tiv e  brom ination to  
g ive  th e  pseudo-arom atic  2-pyrone d e r iv a tiv e  However th e
re a c tio n  was accompanied by such ex ten s iv e  decom position th a t  i t  
could on ly  be c a r r ie d  out on a sm all s c a le .  I t  had then  to  be 
rep ea ted  u n t i l  th e  re q u ire d  q u a n tity  of product was o b ta ined . 
Brom ination o f 5 -n -bu ty l-6 -m ethy l-3?4 -d ihyd ro -2 -py rone  in  e th e r  
s o lu t io n  gave th e  u n s ta b le  dibromo compound, which was dehydro-
brom inated "by h e a tin g  f o r  s e v e ra l hours a t  130-1400 . Repeated 
d i s t i l l a t i o n  f i n a l l y  a ffo rd ed  a c o lo u rle ss  d i s t i l l a t e ,  A la rg e  
amount of carbonaceous re s id u e  accumulated from th e se  o p e ra tio n s .
i I 
0 ^ 0
A ttem pts were made a t  a l l y l i c  b rom ination  of the  reduced
(71)pyrone u s in g  H-brom osuccinim idev *
0 ^ 0
However, th e se  were u n su ccessfu l due to  the  ra p id  e lim in a tio n  of 
hydrogen brom ide, when a g re a t deal o f c h a rrin g  occurred .
In  f u r th e r  a ttem pts to  avoid  th e  d i f f i c u l t  o x id a tiv e  bromi­
n a tio n  s te p ,  4 -a c e ty l-o c ta n o ic  ac id  was converted  in to  i t s  a c id
(72)c h lo rid e  and a ttem p ts  were made to  oc-brom inate  th i s  compound
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I
The in tended  re a c t io n  sequence i s  shown above. However th i s  method 
was a lso  u n su ccessfu l due to  c h a rrin g  and th e  o r ig in a l  procedure 
had to  be employed.
I t  was shown by P.M.R. sp ec tro scopy  th a t  a la rg e  amount of 
debrom ination had a lso  tak en  p lace  upon h e a tin g  and on ly  about 65$ 
o f  th e  d i s t i l l a t e  c o n s is te d  o f the  re q u ire d  arom atic  2-pyrone 
compound. The l a t t e r  could not e a s i ly  be sep a ra ted  from th e  
reduced pyrone by f r a c t io n a l  d i s t i l l a t i o n  and so i t  was decided to  
proceed to  th e  next s tag e  in  th e  r e a c tio n  sequence w ith  the  m ix tu re9 
assuming i t  to  co n ta in  65$ of 5-n ~ bu ty l-6 -m ethy l-2 -py rone .
The next s tag e  in  th e  r e a c t io n  scheme involved  the  D ie ls -
A lder a d d itio n  of dim ethyl a ce ty len e  d ica rb o x y la te  to  th e  5 -n*“k u ty l-
6 -m ethy l-2-pyrone9 and subsequent e lim in a tio n  of carbon d iox ide to
(73)
g iv e  3 -m ethyl-4~n-buty l dim ethyl p h th a la te  .
-r89^
+
C jO O C H3
I I I
COOCH.
CC OCR
COOCH
IOOCH.
COOCH
F o rtu n a te ly  th e  d ie s t e r  product could e a s i ly  he sep a ra ted  from 
unchanged 5“^~*hutyl-6~methyl-3, 4“ dihydro-2-pyrone hy d i s t i l l a t i o n .
Attem pts were made to  convert th e  d ie s t e r  in to  th e  diamide
( l A  ^
w ith 0 .88  ammonia s o lu t io n  , bo th  a t  room tem peratu re  and a t  
100° f o r  12 h o u rs , hu t no re a c t io n  occurred  in  e i th e r  case . Even 
l iq u id  ammonia in  methanol a t  100° in  a sea le d  tuhe f a i l e d  to  re a c t  
w ith th e  d ie s t e r .
An a l te r n a t iv e  method was th en  in v e s t ig a te d . The d ie s t e r  was
hydrolysed to  3-m ethyl-4~tt“k u ty l p h th a lic  a c id , and th i s  was converted  
( l l )in to  i t s  an h y d rid e ' .
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C00HCOOCH
COOHCOOCH
V
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00
The anhydride was th en  converted  in to  i t s  imide by s tan d ard  methods 
and the  imide allow ed to  r e a c t  w ith  0 ,88  ammonia s o lu tio n . However, 
no re a c t io n  o ccu rred , and n e i th e r  was th e  imide converted in to  the  
amide when h ea ted  w ith  0 .88  ammonia s o lu tio n  a t  100° fo r  10 hours.
(60)
I t  was concluded th a t  the  d i f f i c u l ty  in  th e  p re p a ra tio n  of
3-m eth y l-4 -n -b u ty l-p h th a lam id e  was due to  s t e r i c  e f f e c t s .  Even 
though th e  group in  th e  3 -p o s it io n  was sm all, th e  b u t t r e s s in g  
e f f e c t  o f th e  group in  th e  4 -p o s i t io n  was s u f f ic ie n t  to  cause 
severe  s t e r i c  h indrance and p reven t th e  imide r in g  from opening.
A ttem pts were made to  p rep are  te tra k is (3 -m e th y l-4 -n -b u ty l) -
(75)ph thalocyan ine copper by th e  u rea  m elt methodv ^ . 3-M ethyl-4-n-
b u ty l-p h th a lic  anhydride , u rea  and anhydrous cu p ric  ch lo rid e  were 
heated  to g e th e r  w ith  a sm all amount of ammonium molybdate as 
c a ta ly s t ,  b u t on ly  tr a c e s  o f a b lu e  pigment could be o b ta in ed .
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Although th e re  was in s u f f ic ie n t  fo r  i s o la t io n ,  th in  la y e r  chromato­
graphy showed th a t  the  pigment product was very  so lu b le  in  non-po lar 
so lv e n ts .
Due to  th e  fo reg o in g  d i f f i c u l t i e s ,  the  p re p a ra tio n  o f 3-m ethyl-
4 -n - b u ty l -p h th a lo n i t r i le  was abandoned* I t  was s t i l l  considered  
o f i n te r e s t  to  p repare  te tra k is (3 -m e th y l-5 -n -b u ty l) -p h th a lo c y a n in e s , 
and indeed p re p a ra tio n  of th e  req u ire d  in te rm ed ia te s  was l ik e ly  to  
be a much b e t t e r  p ro p o s it io n . That p a r t i c u la r  pigment should be 
so lu b le , and would probably  be ob ta ined  as a s in g le  isom er.
However la ck  of tim e p rec luded  f u r th e r  work in  th i s  d ire c t io n .
E xperim en ta ls
Analyses g iven  in  th i s  s e c tio n  were c a r r ie d  out by A. B ernhard t, 
Mulheim (R uhr), Germany.
4 -A c e ty l-o c ta n o n it r i le
A c ry lo n i t r i le  (44»8g) was slow ly added to  a m ixture of
2-heptanone (483g) and 30$ m ethanolic  potassium  hydroxide s o lu tio n  
(6.3m l) so th a t  th e  tem peratu re  remained a t  25-30°. The re a c tio n  
m ixture was s t i r r e d  du rin g  th e  a d d itio n  and f o r  2 hours a f t e r  the  
a d d itio n , a t  room tem p era tu re . The so lu tio n  was n e u tra l is e d  w ith  
co n cen tra ted  hy d ro ch lo ric  a c id  (3*3ml), and w ater ( 15ml) was added 
to  d isso lv e  th e  potassium  c h lo rid e  which was p r e c ip i ta te d .  The 
o rg an ic  la y e r  was sep a ra te d  and d ried  over magnesium su lp h a te .
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The excess 2-*heptanone was removed by d i s t i l l a t i o n ,  and th e  re s id u e  
d i s t i l l e d  g iv in g  4- a c e ty l - o c ta n o n i t r i le  b .p .  144- 150° / l  7mmf 
n? 1 1.4420} L i t .  b .p . 148-149°/l8inm; r^ °  1 .4425<'69^. Y ield
53.6g (38* ) .
4 -A oety l-oo tano io  a c id
4 -A c e ty l-o c ta n o n itr i le  (40g) was re flu x e d  w ith  a s o lu tio n  of 
sodium hydroxide (l2 g ) in  w ater (40ml) f o r  3 hou rs . The s o lu tio n  
was a c id i f ie d  and th e  ac id  which was l ib e r a te d  was e x tra c te d  in to  
e th e r .  The e th e re a l la y e r  was sep a ra te d  and th e  aqueous s o lu tio n  
was e x tra c te d  w ith  e th e r  (3 x 40ml). The mixed e th e r  e x tra c ts  
were d r ie d  over magnesium su lp h a te  and th e  e th e r  was removed by 
d i s t i l l a t i o n .  The re s id u e  was d i s t i l l e d  under reduced p re s su re , 
and 4- a c e ty l—1-o c ta n o ic  a c id  was c o lle c te d  b.p* 157- 160° / 4mm| 
n? 2 1.44961  L i t  b .p .  165-167°/ommj n20 1 . 4504^ .  Y ield 33g
(74*).
5 -n -E ut y l -6  -me t  h.y 1 -3  9 4-dihydro--2-pyrone
4~ A cety l-1 -oc tano ic  a c id  (33g) and a c e ty l ch lo rid e  (I65g) were 
re flu x e d  to g e th e r  fo r  5 ho u rs . The excess a c id  c h lo rid e  was removed 
by d i s t i l l a t i o n ,  and th e  re s id u e  was d i s t i l l e d  under reduced 
p re s su re . 5-n-Butyl~6-m ethyl-3>4-<iibydro~2-pyrone was c o lle c te d  
b .p .  127-131°/3mm} n^° 1 . 4680$ L i t .  b .p .  126-127°/rOmm$ r^ °
1 .4673^6^ .  Y ield 26 . Og (87# ) .
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5 -n-B ut yl-6-m e t  h.yl -2 -pyro  ne
5 -n -B u ty l-6 -m e th y l-3 j4 -iih y d ro -2 -p y ro n e  (25g) was d isso lv e d  in  
d ry  e th e r  (25m l), and bromine (24g) was added dropwise w ith  shaking  
w hile the  m ixture was cooled in  an i c e / s a l t  b a th . The e th e r  was 
then  removed by bubb ling  a stream  of dry  a i r  through the m ix tu re .
The re s id u e , c o n s is tin g  o f th e  dibromo-compound, was th en  sloitfly 
heated  up to  140° d u ring  4 hou rs, under reduced p re s su re . A 
stream  of n itro g e n  was slow ly bubbled through th e  m ixture d u rin g  
th e  p e rio d  of h e a tin g . The l iq u id  m a te ria l was th en  com pletely 
d i s t i l l e d  from th e  re a c t io n  m ixture and c o lle c te d  as a dark  coloured 
o i l .  The o i l  was r e d i s t i l l e d  u n t i l  a s ta b le  c o lo u rle ss  o i l  was 
o b ta in ed .
The procedure was rep ea ted  in  25g batches u n t i l  a t o t a l  of 
69g o f reduced pyrone had been used . The t o t a l  d i s t i l l a t e s  were 
th en  combined and r e d i s t i l l e d .  The f r a c t io n  b .p .  110-120°/2mm, 
(30g), was c o lle c te d , and was shorn by P.M.R. spec tro scopy  to  
c o n ta in  65$  of 5-n -b u ty l-6 -m ethy l-2 -py rone . Y ield of 5 -n -b u ty l-
6-m ethy l-2-pyrone, 20g (32$ on unrecovered 5- n -b u ty l-6 -m e th y l-3 >4~ 
d ihydro-2-pyro  n e) .
3-M ethyl—4 -n -b u ty l dim ethyl p h th a la te
5_n-B u ty l-6 -m ethy l-2 -pyrone (30g) co n ta in in g  about 35$ of i^ s  
d ih y d ro -d e r iv a tiv e  was heated  w ith  dim ethyl ace ty len e  d icarboxy- 
l a t e  (20g), to  140O. The tem perature  was th en  slow ly  ra is e d  to
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180-190°, and carbon d iox ide  was evolved# The tem perature  was 
m aintained a t  180- 190° f o r  a f u r th e r  2 hou rs , u n t i l  the  ev o lu tio n  
o f carbon d io x id e  had ceased . The product was th en  vacuum
f r a c t io n a te d  when th e  d ie s t e r  could be sep a ra te d  e a s i ly  from
recovered  5“n -b u ty l-6 -m e th y l-3 ,4 -d ih y d ro -2 -p y ro n e . 3-M ethyl-4-n-
b u ty l dim ethyl p h th a la te  was c o lle c te d  b .p .  162- 166° / 2mm| 
n jp  1.5123. Y ield  22g (71$).
C15 H20 04 re q u ire s  C = 68 .16 , H = 7*83 $
Found C = 68 .08 , H = 7-60 $
3-M e th y l-4 -n -b u ty l-p h t halam ide
a ) 3 -M ethy l-4 -n -bu ty l dim ethyl p h th a la te  (720mg) was shaken f o r  
3 days w ith  0 .88  ammonia s o lu t io n  (4ml) and a t r a c e  o f methanol as 
co so lv en t. No s o l id  amide could be i s o la te d .  The o i ly  re s id u e  
was found, by I .R . sp ec tro sco p y , to  c o n s is t of unchanged dim ethyl 
e s t e r .
b) 3-Meth y l-4 -n -b u ty l dim ethyl p h th a la te  (2 .0g ) was mixed w ith
0 .88  ammonia s o lu t io n  (5m l), and methanol (2ml) was added as a 
co so lv en t. The m ixture was sea le d  in  a C arius tube and heated  a t  
100° f o r  12 ho u rs . 3 -M ethy l-4 -n -bu ty l dim ethyl p h th a la te  was
recovered  unchanged, bu t im pure, when th e  so lv en t was removed by 
e v ap o ra tio n .
c) 3 -M ethy l-4 -n -bu ty l dim ethyl p h th a la te  (2 .0g ) was d isso lv ed  in
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methanol (5ml) in  a C arius tu b e . L iquid Ammonia (3ml) was added 
and th e  tube was s e a le d . I t  was heated  f o r  8 hours a t  100°.
When the  so lv en t was evaporated., th e  re s id u e  was shown, by I .E .  
spec tro scopy  to  c o n s is t o f unchanged dim ethyl e s te r .
3~Meth.yl--4-n--but.yl p h th a lio  a c id
3-Methyl'-4-n-butyl dimethyl phthalate (1 -3e) was refluxed with 
20$ e thanolic potassium hydroxide so lu tion  (7ml) fo r 2 hours.
Water (3ml) was added and re f lu x in g  was continued fo r  a f u r th e r  
60 m inutes. The a lco h o l was removed by d i s t i l l a t i o n  and the  
s o lu tio n  was a c id i f ie d  w ith  h y d ro ch lo ric  a c id . The ac id  which was 
p r e c ip i ta te d j  was f i l t e r e d  o f f  and was d r ie d  in  a vacuum d e s ic c a to r .
3-M ethy l-4 -n -bu ty l p h th a lic  a c id  was r e c r y s t a l l i s e d  from w ater 
m .p. 150-151°* L i t .  m.p. 157- 158^ ) .  Y ield  11g (95$).
3-M ethyl-4-n—b u ty l p h th a lic  anhydride
3-M ethyl—4 -n -b u ty l p h th a lic  ac id  (500mg) was heated  on a 
steam b a th  w ith  a c e ty l c h lo r id e  (22.5m l) fo r  1 hour. The excess 
a ce ty l c h lo rid e  was removed by d i s t i l l a t i o n .  The re s id u a l o i l  was 
sublimed under h igh  vacuum to  give c r y s ta l l in e  3 -m ethy l-4 -n -bu ty l 
p h th a lic  anhydride m.p. 35°? L i t .  m.p. 37° * Y ield 345mg (75$)*
3-Meth y l-4 -n -b u ty l ph thalim ide
3-M ethy l-4 -n -bu ty l p h th a lic  anhydride (500mg) was allow ed to  
re a c t  w ith  0.88 ammonia s o lu t io n  (1.5m l) and th e  excess ammonia
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and w ater were removed "by b o i l in g  th e  s o lu t io n . The re s id u e  was
heated  to  300 during  30 m inu tes, and th en  allow ed to  co o l,
3-M ethy l-4 -n -bu ty l ph thalim ide  c r y s ta l l i s e d  as a s o l id  mass. I t  
was r e c r y s t a l l i s e d  from aqueous methanol m.p. 168°. Y ield  342mg
(6896).
C13 H15 m 2 re q u ire s  C = 71*86, H « 6 . 96 , N = 6.45 $
Pound 0 -  72 .04 , H = 7 .16 . N = 6*51 °/°
T e tra k is  (3-m ethyl—4-n—buty l )-phthaloc.yanine-copper
3-Methyl'“4 -n -b u ty l p h th a lic  anhydride (96mg), u rea  (l87mg) 
and a few m illigram m es of ammonium molybdate were heated  in  t r i -  
ch lorobenzene, a t  re f lu x  f o r  2 hou rs . The so lv en t was removed by 
steam d i s t i l l a t i o n  and th e  s o l id  was f i l t e r e d  o f f .  The s o l id  was 
washed w ith  d i lu te  h y d ro ch lo ric  a c id  and then  w ith  w ater, and was 
e x tra c te d  in to  chloroform . A sm all amount of b lu e  pigment was 
formed bu t was in s u f f ic ie n t  f o r  i s o la t io n .  Thin la y e r  chromato­
graphy in d ic a te d  th a t  th e  compound was not v e ry  p o la r  and was very  
so lu b le  in  th e  chloroform  e lu a te .
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T) T e tra k is  ( 4 - t - b u ty l )-p h th a lo  cyanines
Although th e  te tra k is (3 -m e th y l-4 -n -b u ty l)-p h th a lo c y a n in e s  
appeared to  he very  d i f f i c u l t  to  p re p a re , in d ic a tio n s  had been 
ob ta ined  to  show th a t  th ey  were very  so lu b le  in  chloroform . I f  
the  methyl group c o n tr ib u te d  l i t t l e  to  th i s  p ro p e rty  th en  i t  was 
concluded th a t  th e  fo u r  b u ty l groups around th e  p e rip h e ry  of th e  
r in g  were m ainly re sp o n s ib le .
W hilst i t  had been shown th a t  s t r a ig h t  a lk y l chains a tta ch ed  
to  th e  p e rip h e ry  of th e  ph thalocyan ine  m olecule im parted  g re a t ly  
enhanced s o lu b i l i t y ,  i t  was a lso  apparen t th a t  t h i s  type o f sub­
s t i tu e n t  con tained  many non -eq u iv a len t hydrogen atoms and so would 
give r i s e  to  com plicated  P.M.R. s p e c tra .  Indeed no sharp  s ig n a ls  
could be observed in  th e  P.M.R. s p e c tra  o f any of the  t e t r a -  
(a lk y l)-p h th a lo cy a n in e s  so f a r  d esc rib ed . (The P.M.R. s tu d ie s  a re  
d iscussed  l a t e r ) .  The number o f chem ically  eq u iv a len t hydrogen 
atoms could be in c re a se d , w ithou t any decrease  in  chain  le n g th , 
by making use o f chain  b ranch ing .
Hence t - b u ty l  was used as a s o lu b i l i s in g  group in s te a d  of 
n -b u ty l , th e  s u b s t i tu t io n  ag a in  being  made in  th e  4 -p o s it io n  f o r  
reasons a lre a d y  d iscu ssed . The advantages of th i s  grouping over 
o th e rs  so f a r  as P.M.R. spectro scopy  i s  concerned, a re  tw ofo ld .
i )  S ince 9 eq u iv a len t p ro to n s  a re  p re sen t in  each t -b u ty l  group, 
s tro n g  s ig n a ls  w il l  r e s u l t  and r e l a t i v e ly  d i lu te  so lu tio n s  o f the
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ph thalocyan ine  can be used .
i i )  I f  more th an  one t -b u ty l  s ig n a l were observed, then  
in fo rm atio n  concerning p o s it io n a l  isomerism would be forthcom ing.
I t  was a lso  expected th a t  te t ra k is (4 - t-b u ty l) -p h th a lo c y a n in e  
would have a h ig h er s o lu b i l i ty  th an  i t s  s t r a ig h t  chain  isomer 
because o f th e  in c re ase d  b u lk  o f th e  group, which would in te r f e r e  
w ith , o r p re v e n t, m olecular s ta c k in g .
The sy n th e s is  of th e  4 - t - b u ty l  p h th a lo n i t r i le  p recu rso r proved 
c o n sid e rab ly  e a s ie r  th an  any o f th e  4 -a lk y l p h th a lo n i t r i le s  so 
f a r  d iscu ssed .
The S y n th esis  of 4 - t - b u ty l - p h th a lo n i t r i le
(76}The sy n th e s is  was based on work by A.T. P e te rs^  . The 
ro u te  makes use o f th e  sp e c ia l  p ro p e r tie s  of th e  t e r t i a r y  b u ty l 
group. A F r ie d e l - C r a f t fs a lk y la t io n  was used to  in tro d u ce  th i s  
group in to  oyxylene, which was th en  s e le c t iv e ly  o x id ised  to  th e  
p h th a lic  a c id  d e r iv a t iv e .
t-B u ty l c h lo r id e , p repared  by th e  re a c t io n  o f t-b u ta n o l w ith
(77)co n cen tra ted  h y d ro ch lo ric  a c id  , was allow ed to  re a c t  w ith
( 76)o_-xylene in  th e  p resence  of anhydrous f e r r i c  ch lo rid e  . The 
a lk y la t io n  proceeded v ig o ro u s ly  a t  room tem peratu re  w ith  the  
l ib e r a t io n  of hydrogen c h lo rid e  and ex c lu siv e  p roduction  of 
4 - t - b u ty l - 1 , 2 -d im ethy l-benzene•
The 4 - t - b u ty l—1 , 2-dim ethyl "benzene was s e le c t iv e ly  o x id ised  w ith  
potassium  permanganate in  aqueous p y r id in e , and th e  p h th a lic  a c id  
is o la te d  a f t e r  a d d itio n  o f co n cen tra ted  h y d ro ch lo ric  a c id .
COOH
COOH
The 4 - t - b u ty l  p h th a lic  a c id  was converted , w ith  a c e t ic  
anhydride, in to  i t s  anhydride, a very  vigorous p ro cess , and th e  
4 - t- b u ty l  p h th a lic  anhydride was is o la te d  by d i s t i l l a t i o n  a t  
300-315°* This was th e  b e s t method o f i s o la t io n .  The anhy­
d rid e  was t r e a te d  w ith  0 .88  ammonia s o lu tio n , the  so lv en t evap­
o ra te d  o f f  and th e  m ixture s tro n g ly  h eated  to  300° when 4 -‘t-b u ty l- 
ph thalim ide  was formed .
0 0 
The 4 - i-b u ty l-p h th a lim id e , u n lik e  3 -m e th y l-4 -n -b u ty l-
phthalim ide re a c te d  re a d i ly  w ith  0 .88  ammonia s o lu t io n  to  form
4 - t- b u ty l-p h th a l  amide ^   ^•
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The diamide was dehydrated hy bubbling  a ra p id  stream  of phosgene
4 - t-B u ty l p h th a lo n i t r i l e  was th en  is o la te d  as a w hite h ig h ly  
c r y s ta l l in e  s o l id .
T e tra k is  ( 4 - t - h u ty l  )-p h th a lo  c.yanines
As in  th e  case o f th e  te tra k is (4 -n -p e n ty l) -p h tk a lo c y a n in e s , 
no a ttem pt was made to  p rep a re  a la rg e  number o f m e ta lla te d  d e r iv a t iv e s .  
Only th e  n ic k e l complex was made* and i t  was assumed th a t  o th e r  
m etal d e r iv a tiv e s  could he made hy s im ila r  methods.
T e tra k is (4 - t-b u ty l) -p h th a lo c y a n in e  was p repared  hy d em e ta lla tio n  
w ith  50$ a c e t ic  ac id  of th e  disodium  d e r iv a t iv e ,  p repared  hy s tan d a rd  
methods^ , and was p u r i f ie d  hy chromatography on alum ina (Brockman 
a c t i v i t y  2 ) ,  u s in g  henzene as e lu e n t . The henzene was removed hy 
e v ap o ra tio n  and th e  product is o la te d  hy trea tm en t w ith  methanol in  
which i t  was in s o lu b le . The pigm ent, as in  th e  case of te t r a k is (4 ~  
n -p e n ty l)-p h th a lo cy a n in e  could not he ob ta ined  in  a c r y s ta l l in e  
s t a t e .  However, i t  was ob ta in ed  a n a ly t ic a l ly  pure from the
th rough  a p y rid in e  s o lu tio n  o f th e  diam ide, a t
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chromatography column.
I t  i s  p o s s ib le  th a t  a number of isom ers may be p resen t bu t 
no evidence f o r  th i s  has been found from chrom atographic s tu d ie s .
M eta lla ted  ph thalocyan ines which have been p repared  inc lude  
the  n ic k e l and d ic h lo r o - t in  d e r iv a t iv e s .  The t i n  compounds a re  
re p o rte d  s e p a ra te ly  in  S ec tio n  IV. T e tr a k is (4 - t- b u ty l) -p h th a lo -  
cy an in e -n ick e l was p rep ared  by th e  u rea  m elt method, u s in g  4- t -  
b u ty l -p h th a l ic  anhydride, anhydrous n ic k e l c h lo r id e , u rea  and 
ammonium molybdate as c a t a l y s t '  . The copper complex was a lso  
p repared  by th i s  method bu t th e  y ie ld  tended to  be r a th e r  low and 
th e  product was somewhat im pure. Chromatography used to  p u r ify  th e  
m e ta lla te d  p h th a lo cy an in es .
T e tr a k is (4- t-b u ty l) -p h th a lo c y a n in e -n ic k e l was a lso  ob ta ined  
by th e  r e a c t io n  of m olten 4- t - b u ty l - p h th a lo n i t r i l e  w ith  anhydrous 
n ic k e l c h lo r id e . I t  was shown th a t  4- t - b u ty l  p h th a lo n i t r i le  i s  
muc-h le s s  re a c t iv e  th an  p h th a lo n i t r i le  under th e se  c o n d itio n s .
Very long re a c t io n  tim es and h igh  tem peratu res were needed to  
produce any pigment and even th en  th e  y ie ld s  were low. T e tra k is  
(4 - t-b u ty l) -p h th a lo c y a n in e - iro n  I I  was a lso  p repared  by th e  r e a c tio n  
o f f e r r i c  a c e ta te  w ith  4—t- b u t y l - p h th a lo n i t r i l e , bu t th e  y ie ld  was
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v e ry  low. The d ic y an o fe rra te  I I  complex was a lso  p repared  hy
(79)re a c tio n  w ith  potassium  cyanide in  m ethanol' 7.
UJN
This compound was ve ry  so lu b le  in  methanol and i t s  P.M.R. spectrum  
was o b ta in ed  in  th i s  so lv e n t . The spectrum  i s  d iscu ssed  l a t e r .
I t  i s  suggested  from work on the  m e ta lla te d  t e t r a k i s ( 4-n -  
p en ty l)-p h th a lo cy an in es  th a t  th e  b e s t  method f o r  p rep a rin g  m etal 
d e r iv a t iv e s  of th e  te tra k is (4 -a lk y l) -p h th a lo c y a n in e s  i s  to  use the  
m etal f r e e  d e r iv a t iv e  as p re c u rso r . The re a c t io n  tim es needed a re  
sh o rt and th e  y ie ld s  tended to  be very  h igh . The re a c tio n  i s  b e s t
c a r r ie d  in  q u in o lin e , as so lv e n t , a t r e f lu x .  The q u in o lin e  i s  then
removed by washing w ith  a c id  and th e  product i s  e a s i ly  p u r i f ie d  by 
chrom atography, to  g ive th e  pigment in  almost q u a n ti ta t iv e  y ie ld  and 
in  a h ig h ly  pure s t a t e .
Experim ental
A ll an a ly ses  were c a r r ie d  out by A. B ern h ard t, Mulheim (R uhr), 
Germany.
t-B u ty l c h lo rid e
t-B u ta n o l (400g) was p laced  in  a 3 l i t r e  s ep a ra to ry  fu nne l and 
co n cen tra ted  h y d ro ch lo ric  a c id  (1350ml) was c a r e fu l ly  added. The
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m ixture was shaken f o r  ahout 5 m inutes and the  two la y e rs  were 
allowed to  separa te*  The o rgan ic  la y e r  was washed w ith  s a tu ra te d  
sodium b ica rb o n a te  s o lu t io n  (500ml) and th en  w ith  w ater (2 x 500ml)*
I t  was dried over anhydrous calcium chloride and d is tilled *  
t-B utyl chloride was co llected  b«p. 50-51 *5°I Lit* 49*5-52° ^ ^ *
Y ield  416 .5g (83/0) .
4 - t-B u ty l-1 , 2-dim ethyl-benzene
£-X ylene (300g) and t -b u ty l  ch lo rid e  (262g) were s t i r r e d  
to g e th e r  and anhydrous f e r r i c  ch lo rid e  (2 *5g) was added slow ly  over 
30 m inutes, a t  room tem p era tu re . A vigorous ev o lu tio n  of hydrogen 
c h lo rid e  o ccu rred , and when i t  had e v en tu a lly  subsided , more 
t - b u ty l  c h lo rid e  (55g) was added. The m ixture was s t i r r e d  fo r  a 
fu r th e r  hour and was heated  on a steam b a th  f o r  15 minutes* I t  
was f i l t e r e d  th rough  charcoa l and th e  f i l t r a t e  was vacuum f r a c t io n ­
a ted . 4- ^ - B u ty l - l ,2-d im ethyl-benzene was c o lle c te d  b .p .  124- 126° /
42mm! n j9 ’ 5 1.4985} L i t .  b .p .  211-212°} n9 1.5002 ^ 5 ' .  Y ield
357g (78$).
4 -t-B u ty l-p h th a lio  anhydride
4- t - B u t y l - 1 , 2-d im ethyl-benzene (81g) was d isso lv ed  in  p y rid in e  
(500ml) and w ater (1000ml) was added. The m ixture was s t i r r e d  and 
h eated  to  r e f lu x  in  a 3 l i t r e  3 necked f la s k .  When th e  m ixture had 
begun to  b o i l ,  potassium  permanganate (360g) was c a re fu l ly  added 
over 90 m inutes. E x tern a l h e a tin g  was d isco n tin u ed  as the  exotherm ic
-1 0 4 -
re a c t io n  kept th e  s o lu t io n  a t  re f lu x  during  th e  add ition*  A fte r 
th e  a d d itio n , th e  m ixture was again  heated  a t  re f lu x  fo r  a fu r th e r  
30 m inutes. The excess permanganate was th en  destroyed  hy a d d itio n  
o f e th an o l, and th e  m ixture was f i l t e r e d .  The manganese dioxide 
was washed w ell w ith  se v e ra l l i t r e s  of hot w ater and the  f i l t r a t e  
and washings were combined. The s o lu tio n  was co n cen tra ted  to  
300ml and th en  cooled in  an ic e  b a th . I t  was c a re fu l ly  a c id i f ie d  
u n t i l  i t  was ju s t  a c id ic  (pH s 3) and the  w hite s o l id  which was 
p re c ip i ta te d  was f i l t e r e d  o f f .  (3HT.B. The a c id i f ic a t io n  was very  
c r i t i c a l ,  as the  s o l id  became very  s t ic k y  i f  th e  s o lu tio n  became too 
a c i d i c . ) The w hite s o l id ,  c o n s is tin g  of the  mono-potassium s a l t  
of 4” 'fc -k u ty l-ph tha lic  a c id , was s t i r r e d  w ith  co n cen tra ted  hydro­
c h lo r ic  a c id  o v e rn ig h t. The s o l id ,  which th e n  c o n s is te d  of a 
m ixture of 4“ 't-b u ty l p h th a lic  ac id  and potassium  ch lo rid e  was 
f i l t e r e d  o f f ,  and d r ie d .
The d ry  s o l id  was heated  to  re f lu x  f o r  1 hour w ith  a c e t ic  
anhydride, when a v igorous re a c t io n  took p la c e . The p h th a lic  
d e r iv a tiv e  d is so lv e d  as th e  anhydride and potassium  ch lo rid e  rem ai­
ned in  su sp en sio n . Potassium  ch lo rid e  was f i l t e r e d  o f f ,  and the  
f i l t r a t e  was d i s t i l l e d .  Excess a c e t ic  anhydride was removed and 
the re s id u e  was d i s t i l l e d  a t  atm ospheric p re s su re . 4 - t-B u ty l-  
p h th a lic  anhydride was c o lle c te d  b .p . 300—315° as a p a le yellow  o i l  
which s o l id i f i e d  upon s tan d in g . (H.B. This method was found to  
have co n sid e rab le  p r a c t ic a l  advantages over e i th e r  vacuum d i s t i l l a t i o n ,
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o r  su b lim a tio n .)  4“ t--B u ty l-p h th a lic  anhydride was r e c r y s t a l l i s e d
from l ig h t  petro leum  (b .p . 6 0 -80°), m.p. 77°a9 L i t .  m.p. 77°
Y ield  60g ( 5 $ ) .
4 - t-B u ty l-p h t halim ide
4 -t-B u ty l p h th a lic  anhydride (4«3g) was allow ed to  re a c t  w ith  
0.88 ammonia s o lu t io n  (15m l). The excess ammonia and w ater were 
removed hy b o i l in g  and th e  re s id u e  was h eated  to  280°, and th en  allow ed 
to  co o l. The m ixture s o l id i f i e d  as a brow nish mass. 4 -t-B u ty l 
ph thalim ide  was r e c r y s t a l l i s e d  from e thano l m .p. 134° I L i t .  m.p.
133-134° Y ield  4*3g (lOO/0) .
4- t-B u t y l-p h t halam ide
4 -t-B u ty l-p h th a lim id e  (500mg) was s t i r r e d  w ith  0.88 ammonia 
s o lu t io n  (5nil) fo r  3fr hours a t  room tem p era tu re . The diamide was 
f i l t e r e d  o f f  as a w hite s o l id  and d r ie d  under vacuum. 4“f -B u ty l-  
phthalam ide was r e c r y s t a l l i s e d  from w ater, w ith  a l i t t l e  e th an o l, 
as need les m.p. 165°. Y ield  460mg (85$)*
^12 ^16 ^2 ^2 reclu^re s  0 = 65 .44  H = 7«32 F = 12*71 $
Found C = 65.53 H = 7*52 N = 12.54 %
4 - t-B u t .y l-p h th a lo n itr i le
4 - t—B utyl phthalam ide (21g) and dry  p y rid in e  (325ml) were hea ted , 
in  a 1 l i t r e  re a c t io n  v e s s e l ,  to  60°. A ra p id  stream  of phosgene
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was passed th rough th e  s o lu t io n  and the  tem peratu re  ro se  to  90°•
The r e a c tio n  m ixture became b lack  and very  v isco u s . Phosgene was 
passed th rough th e  m ixture f o r  90 m inutes, and th en  i t  was worked 
up w ith  crushed ic e  and f i n a l l y  w ith  w a ter. I t  was a c id i f ie d  w ith  
co n cen tra ted  h y d ro ch lo ric  a c id , and th e  b lack  m ixture was e x tra c te d  
con tinuously  w ith  e th e r  f o r  6 hours. The e th e r  was removed by 
d i s t i l l a t i o n  le av in g  an o i l ,  which s o l id i f i e d  upon co o lin g . 
R e o ry s ta l l is a t io n  of the  s o l id  from m ethanol, u s in g  d eco lo u ris in g  
ch arco a l, y ie ld e d  4 - t - b u ty l - p h th a lo n i t r i le  m.p. 59°• Y ield I4»3g 
(86$) •
°12 H12 ^2 reclu i r e s  0 = 78*23 H = 6 .57 N = 15.20 $
Pound C = 78.33 H = 6.30 N = 15.26 1o
T e trak is  (4- t —b u ty l )-ph tha locyan ine
a) T e tra k is  (4- t - b u ty l  )-ph thalocyan ine-d isod ium s Sodium m etal 
(0 . 28g) was allow ed to  r e a c t  w ith  1-p en tan o l ( 10ml) and the  s o lu tio n  
was heated  to  r e f lu x .  4 - t - B u ty l-p h th a lo n i t r i le  (1 .Og) was added and
re f lu x in g  was continued f o r  a f u r th e r  15 m inu tes. The a lco h o l was
removed on a ro ta ry  ev apo ra to r le av in g  a green  s o l id  re s id u e  o f
t  e t r a k i s ( 4- t - b u t y l ) -p h th a lo  cyanine-disodium .
b ) T e tra k is (4- t-b u ty l) -p h th a lo c y a n in e : T e tra k is (4- t - b u t y l ) -
pht halo cyanine-d isodium , p repared  as above, was re flu x e d  w ith  5 ®t° 
a c e tic  ac id  ( 15ml) o vern igh t and th e  m ixture was f i l t e r e d .  The s o l id  
was d r ie d  and was d isso lv e d  in  dry benzene. I t  was chromatographed
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on alumina u s in g  benzene as e lu e n t ,  and the  f a s t  moving b lue  band 
was c o lle c te d . The e lu a te  was evaporated  to  d ryness, and the  
so l id  re s id u e  was worked up w ith  m ethanol. T e tr a k is ( 4 - t - b u ty l ) -  
ph thalocyanine was c o lle c te d  as a b lue  s o l id  w ith  a r ic h  re d  l u s t r e .  
The s o l id  was d r ie d  under vacuum. Y ield  490nig (49$)*
G48 H50 N8 re(li;iires c = 78.00 H = 6.82 TS = 15.17 i
Pound C = 78.01 H = 6.91 N = 15.08 $
T e tra k is (4 - t-b u ty l) -p h th a lo o y a n in e -n ic k e l
i )  4 - t-B u ty l-p h th a lic  anhydride (2 .1 g ) , u rea  (6 .0 g ) , and ammonium
molybdate (50mg) were heated  w ith  anhydrous n ic k e l ch lo rid e  (440mg) 
in  n itrobenzene  (17• 5nYL) a t  200° fo r  3 hou rs. The re a c t io n  m ixture
was steam d i s t i l l e d  u n t i l  a l l  t r a c e s  of th e  so lv en t had been removed.
The hot aqueous suspension  was f i l t e r e d ,  washed w ith  d i lu te  hydro­
c h lo ric  a c id , d i lu te  sodium hydroxide s o lu t io n , and th en  w ith  w ater. 
The re s id u e  was d r ie d  and was e x tra c te d  w ith  benzene. The benzene 
so lu tio n  was chromatographed on alumina u sin g  benzene as e lu e n t .
The f a s t  moving b lue  band was c o lle c te d  and evaporated  to  d ry n ess.
The re s id u e  was worked up w ith  methanol accord ing  to  th e  usual 
p rocedure. T e tr a k is (4- t - b u t y l )-p h th a lo cy an in e-n iek e1 was c o lle c te d
and d r ie d . Y ield  520mg (25$)•
i i )  4 - t - B u ty l- p h th a lo n i t r i le  (l.O g) was heated  w ith  anhydrous 
n ick e l c h lo rid e  (600mg) a t  280-290° fo r  8 ho u rs . The m ixture became 
s o l id ,  and was allow ed to  c o o l. I t  was e x tra c te d  w ith  benzene, and
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th e  benzene s o lu t io n  was chromatographed, on alum ina u s in g  benzene 
as e luent*  The f a s t  moving b lu e  band was c o lle c te d  and th e  e lu a te  
was evaporated  to  d ry n ess . The s o l id  which was d ep o sited  was worked 
up w ith  m ethanol. T e tra k is (4- t-b u ty l) -p h th a lo c y a n in e -n ic k e l was
c o lle c te d  by f i l t r a t i o n ,  and was d r ie d  under vacuum* Y ield 314mg
C48 H^g Ng Ni r e q u ire s  C = 72.46  H = 6.08 11 = 14.08 $
Pound C « 71*59 H = 6.59 35T *= 13.73 1o
T e tra k is  (4~ t-b u ty l )-p h th a lo cy an in e—ir o n (I I )
4- t —But y l -p h t h a lo n it  r  i l  e ( 1 . 0 g )  was h eated  w ith  f e r r i c  a c e ta te  
a t  290o fo r  7 hou rs . Upon co o lin g , th e  mass was d isso lv ed  in  d ry  
benzene and f i l t e r e d .  The f i l t r a t e  was chromatographed on alumina 
u s in g  benzene as e lu e n t . The f a s t  moving b lue  band was c o lle c te d  
and evaporated  alm ost to  d ry n ess . The pigment was p re c ip i ta te d  by 
th e  a d d itio n  o f  a b so lu te  e th a n o l, and d rie d  under vacuum. Y ield 
25mg (2 .3 /0 .
D ipotassium  t e t r a k i s  (4- t - b u ty l  )-ph thalooyanine-d ic.yanof e r r a te  ( i i )
Potassium  cyanide (l2*5mg) in  ab so lu te  e thano l (1.2m l) was 
warmed, and t e t r a k i s ( 4- t - b u t y l ) -p h th a lo c y a n in e - iro n (I I ) (25mg) was 
added. The m ixture was re f lu x e d  f o r  48 hours and was d i lu te d  w ith  
methanol (2ml) and f i l t e r e d .  The f i l t r a t e  was evaporated  to
d ry n ess, and th e  product was ag a in  d isso lv ed  in  m ethanol. I t  was
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ag a in  f i l t e r e d  and th e  procedure re p e a te d . The compound could  not 
(23)he i s o l a t e d ' '  due to  decom position hu t i t s  P.M.R. spectrum  was 
o b ta in ed  in  m ethanolic  s o lu t io n .
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E) D iscussion  and P ro ton  Magnetic Resonance S tu d ies
i )  D iscussion
T e tr a k is (4 -a lk y l)-p h th a lo cy an in es  have been p repared  where the  
a lk y l group has fo u r o r f iv e  carbon atoms. The s o lu b i l i ty  of th ese  
m acrocycles, in  chloroform , has been shown to  be rem arkably h ig h , 
in  f a c t  i t  appears to  be g re a te r  th an  th e  s o lu b i l i ty  of th e  d i-a lk o x y  
s ilic o n -p h th a lo c y a n in e s . A ttem pts to  determ ine th e  ab so lu te  so lu ­
b i l i t y  o f th e se  compounds f a i l e d  because in s u f f ic ie n t  m a te r ia l was 
a v a ila b le . However, i t  was shown th a t  th e  s o lu b i l i ty  of b o th  
t  e t r a k i s ( 4-n -p e n ty l) -a n d  t e t r a k i s ( 4- t-b u ty l) -p h th a lo c y a n in e s  was 
h igher th an  15$ w/w in  co ld  chloroform . The s o lu b i l i ty  of th e se  
compounds in  p o la r  so lv en ts  such as methanol o r  e thano l i s  very  low, 
co n sid e rab ly  lower in  f a c t  th an  th a t  of th e  d i-a lk o x y  - s i l i c o n -  
p h th a lo cy an in es . This i l l u s t r a t e s  th a t  th e  t e t r a k i s (4 -a lk y l) -  
ph thalocyan ines ten d  to  be le s s  p o la r  th an  th e  d i-a lk o x y  - s i l i c o n -  
ph th a lo cy an in es , as might be expected . As a r e s u l t  o f th e  decrease 
in  p o la r i ty ,  i t  has been shorn  th a t  th e  t e t r a k i s  (4-a lk y l  ) -p h th a lo -  
cyanines tend  to  be r e l a t iv e ly  easy to  p u r ify  by column chromato­
graphy. The p u r i f ic a t io n  o f d i-a lk o x y  -s ilic o n -p h th a lo c y a n in e s  
n e c e s s i ta te s  th e  use of d e a c tiv a te d  alum ina, bu t w ith  t e t r a k i s (4-  
a lk y l)-p h th a lo c y a n in e s , t h i s  need not be used . I t  has been shown 
th a t  th e  use of s u b s tr a te s  such as anhydrous sodium su lp h a te , and 
c e llu lo se  powder a re  u n su ita b le  f o r  th e  p u r i f ic a t io n  of th e se  
m acrocycles, because th e  more p o la r  im p u ritie s  ten d  to  pass down the  
column.
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There appears to  "be no rea so n  why a sym m etrical isom er should 
be formed p r e f e r e n t i a l ly  i n  th e  p re p a ra tio n  of t e t r a k i s ( 4- a lk y l ) -  
pht halo cyanine s ,  and hence a m ixture of a l l  p o ss ib le  arrangem ents 
would be expec ted . Four isom ers a re  p o s s ib le , and th e se  a re  
rep re se n te d  in  F ig . V III .
Bu Bu —. Bu
T B u
r -B U
B
F ig . V III
Ho s e p a ra tio n  of th e  m a te r ia l by th in  la y e r ,  o r column chroma­
tography  was e f fe c te d  and so no evidence f o r  th e  presence of p o s i t io n a l  
isom ers i s  y e t a v a i la b le .  A sy n th es is  has been dev ised  whereby a 
sym m etrical isom er should  be o b ta in ed  e x c lu s iv e ly . This invo lves 
th e  s tepw ise  p re p a ra t io n  o f th e  macro cycle  j and the  sy n th es is  
i s  summarised in  F ig . IX. U n fo rtu n a te ly  th e  sy n th es is  was not 
com pleted, p r in c ip a l ly  due to  la c k  of tim e , b u t i t  appeared to  hold 
some prom ise. Compounds I  and I I  (F ig . IX) have been p repared  
and i t  appeared from th e  P.M.R. spectrum  of I I  th a t  th e  a lk y l
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s u b s t i tu e n t  was in  th e  5 - ( ° r  6 -)  p o s i t io n  ex c lusive ly*  (N.B. The 
ex ac t p o s i t io n  o f th e  t - b u ty l  group was not known bu t i t  i s  no t 
im portan t as e i th e r  s u b s t i tu t io n  would lead  to  the  same m acrocycle .) 
The t - b u ty l  s ig n a l  o f 5 (o r  6 )- t-b u ty l-1 - im n o -3 -p h e n y lim in o -  
is o in d o lin e  ( i l )  appeared as a sharp  s in g le t*
i i )  P ro ton  M agnetic Resonance S tu d ies
The s o lu b i l i t y  o f the  te tra k is (4 -a lk y l) -p h th a lo c y a n in e s  in  
chloroform  has been shown to  be rem arkably h igh  and so th e se  com­
pounds were a p p a re n tly  very  s u i ta b le  f o r  P.M.R. s tu d ie s .
T e tra k is  (4-Ur-pentyl)-p h t halo cyanine s
The P.M.E. spectrum  of t e t r a k i s  (4 -n -p en ty l)-p h th a lo cy an in es  
i n  d eu terio ch lo ro fo rm  s o lv e n t , proved to  be r a th e r  d isa p p o in tin g .
The spectrum  c o n s is te d  of a s e r ie s  o f broad bands (F ig . X a). An 
in te r e s t in g  fe a tu re  o f the  spectrum  however was th e  2 p ro ton  peak 
a t  14«7^» This was ass igned  to  th e  c e n tra l  N-H pro tons of th e  
m etal f r e e  compound, which s u f f e r  a h igh  degree o f s h ie ld in g  sin ce  
th e y  a re  in  th e  c e n tre  o f th e  arom atic  m acrocycle.
The P.M.R. spectrum  of te tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e -  
n ic k e l has a lso  been o b ta ined  in  deu terio ch lo ro fo rm  s o lu t io n . The 
chem ical s h i f t s  a sso c ia te d  w ith  th e  arom atic  and a l ip h a t ic  pro tons 
o f  th e  two compounds a re  l i s t e d  in  Table V II.
-1 1 4 -
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(a )
T . M. S .
J___________ L
10 11 12 13 14 15 X
CHC1
(b)
J___________ L
T.M.S
; h
J,___________ L
T.M.S
10 X
10  11 12 13
_ j_____________ i_
14 15 x
CHC1„
T.M .S.
10 X
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A 3 ?  3 ? H«-
h* x
1 X
ha = b
H
X 2IW 2V H* A 2Ht
H-H
T e t r a k i s  ( 4 - n - p e n t y l  ) -  
p h th a lo  c y a n in e 2 .4 3*0 7 .3 8 . 4 8 .9 1 4 . 7
T e t r a k i s ( 4 - n - p e n t y l ) -  
p h t  h a lo  c y a n in e - n i c k e l 3 .0 3 .7 7 .5 5 8 .55 9 .0 -
TABLE VII
Prom th e se  r e s u l t s  i t  can he concluded th a t  th e  r in g  cu rren t 
su s ta in e d  hy th e  m etal f r e e  d e r iv a tiv e  i s  g re a te r  th an  th a t  of th e  
m e ta lla te d  compound. The reaso n  f o r  th i s  may he a " sh o rt c i r c u i t in g "  
e f f e c t  ac ro ss  th e  r in g  due to  the  presence of th e  c e n tr a l  n ic k e l 
atom. Hence th e  induced m agnetic f i e l d  would he le s s  in  th e  case 
o f th e  m etal d e r iv a t iv e  and th e  d e sh ie ld in g  of th e  p e r ip h e ra l 
p ro tons would he reduced . I t  can he seen  th a t  th e  A, B and X 
p ro tons a s so c ia te d  w ith  th e  arom atic  r in g  appeared to  co n sid erab ly  
h ig h e r f i e l d  in  th e  case o f th e  n ic k e l complex th an  in  th e  m etal f r e e  
compound. A s im ila r  o b se rv a tio n  was made f o r  th e  pro tons o f the  
n -p en ty l chain  on th e  p e rip h e ry  o f the  r in g .  The e f f e c t  can he 
seen  to  decrease  as th e  d is ta n c e  from th e  c en tre  of the r in g  in c re a se d , 
as would he expected  on th e o r e t ic a l  grounds.
T e tra k is (4 - t-b u ty l) -p h th a lo o y a n in e s
P ro ton  m agnetic resonance s tu d ie s  have been c a r r ie d  out upon
th e  te tr a k is (4 - t-b u ty l) -p h th a lo c y a n in e s  and as expected have proved 
o f more i n t e r e s t  th an  those  w ith  th e  n -p en ty l ch a in s . The spectrum  
of t e t r a k i s  (4 - t-b u ty l  )-ph th alo cy an in e  i s  shown in  P ig . Xb. The 
spectrum  was ag a in  q u ite  complex and an in te r e s t in g  fe a tu re  was the  
c e n tr a l  N-H p ro tons which were ag a in  ve ry  h ig h ly  sh ie ld ed , and 
appeared a t  14*0X . The arom atic  re g io n  of th e  spectrum  was again  
broadened and l i t t l e  f in e  s t ru c tu re  could be observed. However, 
comparison of th e  m etal f r e e ,  and n ic k e l complexes showed a s im ila r  
e f f e c t  to  th a t  found in  th e  n -p en ty l case . The arom atic  p ro tons 
i n  th e  m etal f r e e  d e r iv a tiv e  appeared a t  co n sid e rab ly  low er f i e l d  
th an  in  th e  m e ta lla te d  compound, again  showing th e  g re a te r  arom atic  
c h a ra c te r  of t e t r a k i s ( 4 - t - b u t y l )-p h th a locyan ine  over t e t r a k i s (4-  
t-b u ty l) -p h th a lo c y a n in e -n ic k e l .  This was f u r th e r  dem onstrated by 
th e  f a c t  th a t  th e  t - b u ty l  s ig n a ls  a sso c ia te d  w ith  the  m etal f r e e  
d e r iv a t iv e  appeared some 0.1 p .p .m . to  lower f i e l d  th an  in  the  
n ic k e l compound.
The l in e  broadening and abnormal s p l i t t i n g  a sso c ia te d  w ith  th e  
arom atic  and a l ip h a t ic  p ro tons of th e  n -p en ty l and t -b u ty l  d e riv a ­
t iv e s  made a cc u ra te  measurement of chemical s h i f t s  d i f f i c u l t  and 
hence made acc u ra te  deductions as to  th e  a ro m a tic i t ie s  d i f f i c u l t .
An e x p l a n a t i o n  f o r  t h e  b r o a d e n in g  o f  t h e  b a n d s  becam e a p p a r e n t  u p o n  
s t u d y i n g  t h e  t - b u t y l  s i g n a l  i n  t h e  t e t r a k i s ( 4 - t - b u t y l ) - p h th a lo c y a n in e  
c o m p le x e s . The t - b u t y l  s i g n a l  a p p e a re d  a s  a  com plex  m u l t i p l e t  o f  
s h a r p  p e a k s ,  a n d  n o t  a s  was e x p e c t e d ,  a  s h a r p  s i n g l e t .  T h is  was t h e
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f i r s t  in d ic a t io n  th a t  a m ixture of p o s i t io n a l  isom ers may he p re s e n t. 
The t - b u ty l  groups o f the  d i f f e r e n t  isom ers would be in  d i f f e r e n t  
chemical environm ents, and would hence come to  resonance a t  a 
s l i g h t ly  d i f f e r e n t  f i e l d  from each o th e r . Hence a m u ltip le t  of 
sharp peaks would be e x p e c t e d ^ ^ .  Prom th e se  r e s u l t s  i t  was 
i n i t i a l l y  concluded th a t  a m ixture o f isom ers were p re s e n t. S ing le  
isom ers could to  some e x ten t be id e n t i f ie d  by th e  m u l t ip l ic i ty  of 
th e  t - b u ty l  s ig n a ls .  Hence co n sid e rin g  th e  isom ers re p re se n te d  in  
F ig . V II I , !A! would g ive r i s e  to  a s in g le t^  !B’ to  a s i n g l e t ;
’O’ to  a doub le t and *1)’ to  a q u a r te t ,  f o r  th e  t - b u ty l  s ig n a ls .
This conclusion  however c o n f l ic ts  w ith  work c a r r ie d  out by 
Sammes. He observed a s in g le t  fo r  th e  methyl group in  th e  P.M.R. 
spectrum  of d ipo tassiu ra  te tr a k is (4 -m e th y l)-p h th a locyan ine  -d icy an o - 
f e r r a t e  ( i l )  in  m ethanol'1 • I f  a m ixture o f isom ers were p re sen t 
i n  t h i s  case , th en  th e  same m u l t ip l ic i ty  in  th e  s ig n a l would be 
expected  as in d ic a te d  fo r  th e  t e t r a k i s ( 4- t - b u ty l )  compounds«
In  o rd e r to  c l a r i f y  th e  s i tu a t io n ,  d ipo tassium  t e t r a k i s ( 4- t -  
b u ty l  ) -p h t halo  cyanine -d ic y a n o fe r ra te  ( i l )  was p repared  and th e  P.M.R. 
spectrum  was o b ta ined  in  methanol as so lv e n t . The r e s u l t  was in  
com plete agreement w ith  th a t  o f Sammes. The t - b u ty l  group appeared 
as a sharp  s in g le t .  Furtherm ore th e  arom atic  reg io n  of th e  spectrum  
appeared to  be re so lv e d . The chemical s h i f t s  of th e  arom atic  
p ro to n s  compared w ith  those  of the  system re p o rte d  by Sammes were of 
course  d i f f e r e n t  bu t th e  g en era l appearance of th i s  reg io n  of th e
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spectrum , ( i . e .  th e  s p l i t t i n g  p a tte rn )  was e s s e n t ia l ly  s im i la r <>
The arom atic  p a r t  of the  spectrum  was s p l i t  in to  two d i s t in c t  
reg io n s  as f o r  an ABX p a t te rn .  The H p ro to n  appeared as a double 
doublet c en tred  a t  2 . 0 6X and th e  and Hg p ro tons appeared to g e th e r  
as a m u l t ip le t ,  from 0.63 ”C to  1.02T. The t - b u ty l  group appeared 
as a sharp  s in g le t  a t  8 . 27TT.
I t  i s  d i f f i c u l t  to  compare th ese  r e s u l t s  d i r e c t ly  w ith  those  of 
th e  m etal f r e e  and n ic k e l d e r iv a t iv e s ,  s in ce  com pletely  d i f f e r e n t  
so lv en ts  were used and comparison of chem ical s h i f t s  would be 
m eaning less. However th e  f a c t  th a t  th e  P.M.R, spectrum  of th e  
p h th a lo cy an in e -d icy an o fe rra te  complex appeared h ig h ly  re so lv e d , 
in troduced  a problem w ith  reg a rd  to  the  s p e c tra  of m etal f r e e  and 
n ic k e l complexes where s p l i t t i n g  of peaks occu rred . I t  was con­
cluded th a t  t h i s  s p l i t t i n g  cannot be exp lained  by any o f th e  argu­
ments so f a r  put forw ard.
D iscussion  of P.M.R. Data
(81}Abraham and h is  cow orkers'  have observed abnormal s p l i t t i n g  
o f peaks in  th e  p o rphyrin  s e r i e s ,  and th i s  has been a t t r ib u te d  to
%c o n ce n tra tio n  e f f e c t s .  Abraham assumed th a t  a two u n it  sp ec ie s
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e x is te d  in  s o lu t io n  ( i . e .  two u n it  agg reg a tes) in  which th e  two 
component m acrocycles were a s so c ia te d  p a r a l le l  to  each o th e r . He 
su ggested  th a t  each caused sh ie ld in g  o f the  o th e r  to  d i f f e r in g  
degrees a t  p o in ts  around th e  r in g ,  due to  th e  shape of th e  macro­
c y c le . Hence s ig n a ls  appeared to  he s p l i t  as a r e s u l t  o f th e  
d iam agnetic a n iso tro p y  of th e  r in g s .  A s im ila r  e f f e c t  i s  b e liev ed  
to  occur in  th e  case of ph tha lo cy an in e . However, i t  seems more 
l i k e l y  th a t  th e  e f f e c t  i s  sim ply one of ag g reg a tio n  of m olecules 
i n  c o n cen tra ted , r a th e r  th a n  th e  ex is ten ce  of s p e c if ic  b im olecu lar 
o r  tr im o le c u la r  u n i t s .  This has been shown to  be th e  case .
P.M.R. s p e c tra  have been ob ta ined  of the  te t r a k is (4 -n -p e n ty l )  and 
t e t r a k i s ( 4- t-b u ty l) -p h th a lo c y a n in e s  a t  v a rio u s  co n cen tra tio n s  from 
10$ down to  0 .5$  w/w in  d eu terio ch lo ro fo rm . I t  has been shown th a t
under d i lu te  s o lu t io n  co n d itio n s  th e  t - b u ty l  s ig n a l of t e t r a k i s (4-  
t-b u ty l) -p h th a lo c y a n in e  appeared to  c o lla p se  to  a s in g le t  (P ig . X I). 
U n fo rtu n a te ly , a t  th e  h ig h e s t d i lu t io n s  th e  arom atic  reg io n  of th e  
spectrum  was lo s t  in  background n o ise .
I f  th e  e f f e c t  were sim ply one of m olecular ag g reg atio n  however 
th e n  s tag g e red  ag g reg a tio n  s im ila r  to  th a t  observed in  th e  c ry s ta l  
l a t t i c e  might have been expected  (F ig . i ) .  This would presumably 
be th e  most s ta b le  arrangem ent. However th i s  type of ag g reg a tio n  
would invo lve th e  p e rip h e ry  of a r in g  ex p erien c in g  a high degree 
o f  s h ie ld in g  s in ce  i t  would be c lo se  to  th e  c en tre  of th e  ad jacen t 
m acrocycle.
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Fiff X II
X Q  N-H PROTONS OF TETRAKIS( 4 - 1 - BUTYL) PHTHALOCYANINE
X  N-H PROTONS OF TETRAKIS( 4 -n-PENTYL) PIITHALOCYANINE
(5  O-CH^ PROTONS OF BIS(METIIOXY)-SILICON-
TETRAKIS(4 -t-BUTYL)-PHTHALOCYANINE
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I t  has been found th a t  t h i s  i s  not so , and in  f a c t  th e  c e n tra l
U-H pro tons s u f f e r  th e  g re a te s t  change in  chem ical s h i f t  upon d i lu t io n
o f  th e  s o lu tio n  (Fig* X II) , w hile th e  p e r ip h e ra l ly  s u b s t i tu te d
t- b u ty l  groups appear to  s u f f e r  l i t t l e  o r no change in  chemical
s h if t*  The observed e f f e c t  has been exp lained  in  term s o f th e
o r ie n ta t io n  o f th e  m acrocycles caused by th e  ap p lied  m egnetic f i e l d .
V
Fig* X III
I t  seems th a t  th e  a jjp lied  f i e l d  causes o r ie n ta t io n  o f the  
m olecu les. The induced m agnetic f i e l d  causes th e  m olecules to  a c t 
as m inute b a r magnets as shown in  F ig . X III and hence the aggregates 
te n d  to  be s tack ed  as shown and no t s tag g ered  as in  th e  case of the  
m olecular ag g regates  in  th e  c r y s ta l .  This hypo thesis  would ex p la in  
th e  r e s u l t s  where a h igh  degree of co n ce n tra tio n  dependence i s  shown
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b y  th e  c e n tr a l  N-H p ro tons and l i t t l e  e f f e c t  on the  p e rip h e ry  of the  
r in g .
The f a c t  th a t  th e  d ic y a n o fe rra te  complexes do not appear to  
s u f fe r  th e  e f f e c t  of ag g reg a tio n  can be exp lained  u sin g  th e  above 
argum ent. The cyano groups, being  co o rd ina ted  to  th e  iro n  atom on 
b o th  s id e s  o f th e  ph thalocyan ine  r in g  tend  to  p reven t th e  m olecules 
approaching s u f f i c i e n t ly  c lo se  to  cause ag g reg a tio n  in  co n cen tra ted  
s o lu t io n . As a r e s u l t  th e  in te rm o le c u la r  s h ie ld in g  e f f e c ts  a re  
no t observab le  in  th e se  compounds. According to  th i s  th e o ry  th e  
chem ical s h i f t s  of th e  pro tons a sso c ia te d  w ith  the  d ic y an o fe rra te  
complex should  not be c o n c e n tra tio n  dependant bu t no experim ents 
have been c a r r ie d  out to  prove t h i s .
This th e o ry  can a lso  be used to  ex p la in  why no abnormal s p l i t t i n g s  
due to  c o n ce n tra tio n  e f f e c ts  were observed in  th e  case of the  
’ d i—alkoxy -s ilic o n -p h th a lo c y a n in e s . I t  appears th a t  th e  long
alkoxy chains were s u f f i c i e n t ly  bulky  to  p reven t ag g reg a tio n  of the  
m olecules in  th e  co n cen tra ted  s o lu tio n  used in  P.M.R. spec tro scopy .
i i i )  C onclusion
I t  has no t been p o ss ib le  to  s tu d y  th e  t e t r a k i s ( 4- a lk y l ) -  
ph tha locyan ines com pletely  due to  ag g reg a tio n  e f fe c ts  in  s o lu tio n .
At v e ry  low co n ce n tra tio n  however when ag g reg a tio n  would be m inim al, 
th e  arom atic  re g io n  of th e  spectrum  could not be observed because 
o f "background n o ise " . I t  may be p o s s ib le , u s in g  a tim e averag ing
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computer to  e lim in a te  t h i s  "n o ise"  and o b ta in  s p e c tra  in  very  d i lu te  
s o lu tio n .
I t  has been shown th a t  th e  s p l i t t i n g  of th e  t -b u ty l  group in  
th e  P.M.R. sp e c tra  of th e  te tra k is (4 -b u ty l) -p h th a lo c y a n in e s  i s  n o t, 
as was f i r s t  supposed, due to  th e  s l i g h t ly  d i f f e r e n t  chemical s h i f t  
o f p o s it io n a l  isom ers. I t  has been shown th a t  a t  h igh  d i lu t io n ,  
th i s  t - b u ty l  s p l i t t i n g  d isap p eared . However, th i s  does not 
e lim in a te  th e  p o s s ib i l i t y  th a t  th e  compounds e x is t  as an isomer 
m ix tu re . The most prom ising approach to  th i s  problem appears to  
l i e  in  th e  e le c t iv e  sy n th e s is  of a s p e c if ic  isom er of the  s u b s t i tu te d  
m acrocycle. There i s  room f o r  co n sid e rab ly  more work in  th i s  
f i e l d .
SECTION I I I
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A) D i-a lk o x y -s i l ic o n - te tr a k is  (4 -a lk y l)-p h th a lo o y an in e  compounds
i )  In tro d u c tio n ! Two k inds o f pht halo oyanine d e r iv a t iv e , namely the  
t e t r a k i s ( 4- a l k y l )-p h th a lo cy an in es  and th e  d i-a lk o x y -s il ic o n -p h th a lo -  
cyanines have been found to  be v e ry  so lu b le  in  n on -po lar so lv e n ts . 
(S ec tions I  and I I ) .
The P.M.R. sp e c tra  o f th e  t e t r a k i s ( 4- a lk y l ) -ph th a lo cy an in es  were 
not s tra ig h tfo rw a rd , b e in g  com plicated  by e f f e c t s  a r is in g  from m olecular 
ag g reg a tio n , However, no s im ila r  d i f f i c u l t i e s  were encountered w ith  
the  d i-a lk o x y -s ilic o n -p h th a lo c y a n in e s . The reaso n  appears to  be th a t
th e  long  alkoxy chains p reven t c lo se  approach o f m olecules in  concen-r 
t r a te d  s o lu t io n .
I f  th i s  h y p o thesis  i s  c o r r e c t ,  th en  i t  i s  expected th a t  th e  
t e t r a k i s ( 4-a lk y l)-p h th a lo c y a n in e  m acrocycles could be s tu d ie d  through 
t h e i r  d i- a lk o x y -s i l ic o n  complexes. A ccord ingly , a number of 
d i - a lk o x y - s i l ic o n - te t r a k is ( 4-a lk y l)-p h th a lo c y a n in e s  have been 
p rep ared , and a re  d esc rib ed  in  th i s  s e c t io n .
A f u r th e r  reaso n  fo r  th e  p re p a ra tio n  o f d i-a lk o x y -s i l ic o n -  
t e t r a k i s  (4-a lk y l)-p h th a lo c y a n in e s  was to  s tu d y  th e  m elting  p o in t of 
th e se  compounds.
Although th e  t e t r a k i s ( 4-a lk y l)-p h th a lo c y a n in e s  had no m elting  
p o in t below 350° ,  many o f th e  in te rm e d ia te s  in  t h e i r  sy n th es is  were
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found, to  have co n sid e rab ly  low er m elting  p o in t th an  th e  corresponding  
u n su b s titu te d  d e riv a tiv e s*  Some o b serv a tio n s  a re  recorded  in  
Table VIII* In  c e r ta in  c ase s , compounds which were s o lid s  when 
u n s u b s ti tu te d , were ob ta ined  as l iq u id s  when an a lk y l group was 
s u b s t i tu te d  in  th e  4- p o s i t io n  o f th e  benzene r in g ,  d e sp ite  th e  
in c re ase  in  m olecu lar w eight. These o b serv a tio n s  help  to  confirm  
the  th e o ry  th a t  th e  in tro d u c tio n  o f a bulky  group was re sp o n sib le  fo r  
th e  decrease  in  c ry s ta l  s t a b i l i t y  and consequent low ering  of m e lting  
p o in t .
UNSUBSTITUTED 4-t-BUTYLSUBSTITUTED
4-n-PENTYL
SUBSTITUTED
P h th a lic  Anhydride : 132° 77° l iq u id
P hthalim ide ro CO o 134° 117°
Phthalam ide 219- 220° 165° 166- 167°
P h th a lo n i t r i le 141° 59° l iq u id
TABLE V III
I t  was expected th a t  th e  m e ltin g  p o in t o f th e  d i- a lk o x y -s i l ic o n -  
ph thalocyan ines would be f u r th e r  lowered by th e  s u b s t i tu t io n  of a lk y l 
groups around th e  p e rip h e ry  of th e  r in g .
i i )  D iscu ssio n s 5 -n -P e n ty l-1 ,3 -d iim in o iso in d o lin e  was p repared  
by the r e a c t io n  of 4-n -p e n ty l p h th a lo n i t r i le  w ith  l iq u id  ammonia 
in  a sea le d  tu b e .
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NH
IN
NH
NH
The iso in d o lin e  d e r iv a t iv e  was is o la te d  by ev ap o ra tio n  of th e  
s o lv e n t, and i t  was c h a ra c te r is e d  as i t s  p ic r a te .  D ioh loro- 
s i l ic o n - te tra k is (4 -n -p e n ty l) -p h th a lo o y a n in e  was prepared  by the  
re a c t io n  o f ,3 -d iim in o iso in d o lin e  w ith  s i l ic o n
te t r a c h lo r id e ,  in  q u in o lin e . The pigment was is o la te d  by 
e x tra c t io n  in to  m ethylene d ic h lo r id e . The o rg an ic  la y e r  was washed 
w ith  d i lu te  h y d ro ch lo ric  a c id , bu t th e  compound could not be fu r th e r  
p u r if ie d  as in s u f f ic ie n t  m a te ria l was a v a i la b le .  In s te a d , th e  
somewhat impure d ic h lo ro -  compound was allow ed to  r e a c t  w ith  
methanol in  hot xylene and th e  b is (m e th o x y )d e riv a tiv e  was p u r i f ie d .  
The r e a c t io n  tim e which was needed was very  sh o r t compared w ith  th a t  
o f u n s u b s ti tu te d  d ic h lo r o - s i l ic o n -p h th a lo c y a n in e ^ ^  • The reason  
fo r  th i s  was presum ably th e  much in c reased  s o lu b i l i ty  of d ic h lo ro -  
te tra k is (4 ~ n -p e n ty l) - s i l ic o n -p h th a lo c y a n in e  in  th e  re a c tio n  medium. 
B is (m e th o x y )-s ilic o n - te tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e  was 
p u r if ie d  by chromatography on d e a c tiv a te d  alum ina and i t s  P.M.R. 
spectrum  was o b ta ined  in  d eu terioch lo ro fo rm
CH
OCH.Cl
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No o th e r  d i - a lk o x y - s i l ic o n - te t r a k is ( 4- n -p e n ty l) -p h t halo cyanines 
were p repared  because in s u f f ic ie n t  s t a r t in g  m a te r ia l was a v a i la b le .
5 - t-B u ty l-1 ,3 -d iim in o iso in d o lin e  was p repared  from 4 - t-b u ty l  
p h th a lo n i t r i le  by a llow ing  i t  to  r e a c t  w ith  l iq u id  ammonia in  a 
sea led  tube a t  110°. The product was found to  c r y s ta l l i s e  from the  
r e a c tio n  m ixture as a c o lo u r le ss  s o l id ,  in  h igh  y ie ld .
CN
m
CN
m
D ic h lo r o - s i l ic o n - te t r a k is ( 4- t-b u ty l) -p h th a lo c y a n in e  was p repared  
by the  r e a c t io n  o f 5- ^ - b u t y l - l , 3-d iim in o iso in d o lin e  w ith  s i l i c o n  
te t r a c h lo r id e  in  q u in o lin e , a t  r e f lu x .  P u r i f ic a t io n  o f d ic h lo ro -  
s i l i c o n - t e t r a k i s ( 4- t - b u t y l ) -ph thalocyan ine  was found to  be extrem ely  
d i f f i c u l t  because o f th e  p o la r  n a tu re  of th e  compound, and so the 
s l i g h t ly  impure m a te r ia l was used in  th e  p re p a ra tio n  of alkoxy 
d e r iv a t iv e s .
I t  was found th a t  d ic h lo r o - s i l i c o n - te t r a k is ( 4- t - b u t y l )—ph th a lo — 
cyanine would re a c t  w ith  methanol a t  room tem perature  in  about 15 
m inutes, to  form b is (m e th o x y ) - s i l ic o n - te tr a k is (4- t - b u ty l ) - p h th a lo -  
cyan ine. T his in c reased  r e a c t iv i t y  appeared to  be f a i r l y  g en era l 
and a number of d i - a lk o x y - s i l ic o n - te t r a k is ( 4-t-b u ty l)~ p h th a lo c y an in e s  
were p rep a red .
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+ R.OH -*>■
D ic h lo ro - s i l ic o n - te tr a k is  ( 4 - t - b u ty l )-p h t halo  cyanine was allow ed to  
r e a c t  w ith  m ethanol, phenol, £ -n itro p h en o l and p-methoxy-pheno1.
In  each case th e  product was o b ta in ed  a n a ly t ic a l ly  pure by column 
chromatography on d e a c tiv a te d  alum ina and th e  P.M .S. spectrum  was 
measured. An unexpected f in d in g  was th a t  b is ( e th o x y ) - s i l ic o n -  
te tra k is (4 - t-b u ty l) -p h th a lo c y a n in e  proved extrem ely  d i f f i c u l t  to  
p re p a re , bu t t h i s  i s  in  agreement w ith  work by Kenney on u n su b s ti­
tu te d  b is ( e th o x y ) - s i l ic o n - p h th a lo c y a n in e ^ ^ .  The compound appeared 
to  be formed on ly  slow ly  bu t i t  hydrolysed very  ra p id ly  upon exposure 
to  atm ospheric m o is tu re , o r on a ttem pted  p u r i f ic a t io n  by chromato­
graphy and so i t  was not p o ss ib le  to  p repare  an a n a ly t ic a l  sam ple.
None of th e  compounds which have been d esc rib ed  so f a r  in  th i s  
s e c tio n  have a m eltin g  p o in t below 350°• an a ttem pt to  p rep are  a
ph thalocyan ine  complex having a ve ry  low m eltin g  p o in t ,  d ic h lo ro -  
s i l i c o n - t e t r a k i s ( 4 - t - b u ty l )-p h th a locyan ine  was allow ed to  re a c t w ith  
o ley l a lc o h o l.
U n su b stitu ted  b is (o c ta d e c -9 (c is ) -e n -1 -o x y )-s i lic o n -p h th a lo c y a n in e  
was found to  m elt a t  125° (S ec tio n  i ) .  By s u b s t i tu t in g  t -b u ty l  
groups around th e  p e rip h e ry  of the macrocycle in  th i s  compound, a
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d e r iv a t iv e  has been ob ta ined  which i s  l iq u id  a t  ambient tem p era tu re . 
The l iq u id  ph thalocyan ine  was ex trem ely  v iscous as may be expected 
from th e  n a tu re  of th e  m olecule. The p ro p e r tie s  of th i s  complex 
a re  rem arkable co n sid e rin g  th a t  i t s  m olecular w eight i s  12985 and 
i t  appears to  be th e  f i r s t  l iq u id  phthalocyanine to  be re p o r te d .
The reaso n  fo r  th e  e x tra o rd in a ry  p ro p e r tie s  o f th i s  compound 
undoubtedly l i e s  in  the bu lk  of the  a lk y l s u b s t i tu e n ts .  I t  appears 
th a t  th e  a lk y l groups com pletely  surround th e  m acrocycles in  e f f e c t  
the  ph thalocyan ine  nucleus i s  encapsuled w ith  hydrocarbon.
Upon co o lin g  in  a dry  ic e /a c e to n e  b a th , th e  m a te r ia l was seen  to  
s o l id i f y  to  a g la s s  l ik e  s o l id ,  bu t t h i s  slow ly  m elted again  as i t s  
tem perature  approached room tem p era tu re . Uo s p e c if ic  m elting  p o in t 
could be observed due to  th e  d i f f i c u l t y  in  see in g  e x a c tly  when the  
m a te ria l became l iq u id .  C uriously , th e  compound was found to  
hydrolyse v e ry  q u ick ly  when exposed to  atm ospheric m o istu re .
An in te r e s t in g  f a c t  a s so c ia te d  w ith  b is (o c tad e c -9 (c is )-e n -1 -o x y )-r  
s i l i c o n - t e t r a k i s ( 4- t-b u ty l) -p h th a lo c y a n in e  was th a t  i t  appeared to  
undergo "a lcoho l exchange" w ith  m ethanol. When th e  l iq u id  p h th a lo -  
cyanine was allow ed to  s tan d  under methanol fo r  2 days a t  room temp­
e ra tu re ,  i t  was observed to  so lid ify *  The s o l id  m a te ria l was shown 
by P.M.R. sp ec tro scopy  to  be b is (m e th o x y ) - s i l ic o n - te tr a k is (4- t - b u t y l ) -  
ph tha lo cy an in e . T his type of exchange has been re p o rte d  p re v io u s ly  
w ith  d i—alkoxy—s ilic o n -p h th a lo c y a n in e s , bu t u s u a lly  h igh  tem peratu res
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have been n e e d e d ^ ^ .  A sim ple exchange a t  room tem peratu re  has 
not been observed p re v io u s ly .
i i i )  C onclusions: The main fe a tu re  of i n t e r e s t  in  th e  chem istry  of
th e  d i - a lk o x y - s i l ic o n - te t r a k is ( 4-a lk y l)-p h th a lo c y a n in e s  was th e  very  
h igh  r e a c t iv i t y  of th e  compounds. They appeared to  be co n sid e rab ly  
e a s ie r  to  p rep a re  th an  th e  p a ren t u n su b s titu te d  complexes and a lso  
appeared to  be co n sid e rab ly  more su sc e p tib le  to  h y d ro ly s is . This 
fe a tu re  i s  undoubtedly  due to  th e  in c reased  s o lu b i l i ty  o f bo th  the 
s t a r t i n g  m a te r ia l and th e  p ro d u c t.
B) P ro ton  M agnetic Resonance S tu d ies
i )  In tro d u c tio n a The main purpose behind th e  p re p a ra tio n  of the  
d i - a lk o x y ~ s i l ic o n - te t r a k is (4-a lk y l)-p h th a lo c y a n in e s  was the  s tu d y  of 
t h e i r  P.M.R. s p e c tra ,  which were l ik e ly  to  have p o in ts  of i n t e r e s t .
i )  I t  was expected th a t  th e  alkoxy chains a tta ch e d  to  th e  
c e n tr a l  s i l i c o n  atom in  th e  d i - a lk o x y - s i l ic o n - te t r a k is ( 4- a lk y l ) -  
p h thalocyan ines would p reven t ag g reg a tio n  of th e  m olecules in  concen­
t r a te d  s o lu t io n ,  so th a t  th e  chemical s h i f t s  would be independent of 
c o n c e n tra tio n .
i i )  I t  was expected th a t  th e  groups a tta ch e d  to  the c e n tra l  
m etal in  th e  5 th  and 6 th  c o -o rd in a te  p o s it io n s  would be s tro n g ly  
sh ie ld ed  d ia m a g n e tic a lly . These c o -o rd in a te  p o s it io n s  have been 
used , in  work by K e n n e y ^ ^ ^ ^ ,  and a lso  in  t h i s  work, to  a t ta c h  
s o lu b i l i s in g  groups to  th e  m acrocycle. A lkyl s u b s t i tu e n ts  around
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th e  p e rip h e ry  o f th e  r in g  p rov ide  an a l te r n a t iv e  method fo r  th e  
s o lu b i l i s a t io n  o f th e  m acrocode and so leav e  th e  c e n tra l  s i l i c o n  
atom a v a ila b le  fo r  th e  s u b s t i tu t io n  of groups which a re  o f g re a te r  
i n t e r e s t  fo r  P.M.R. s tu d y .
D i-a lk o x y ~ silico n -p h th a lo cy an in es  have been re p o r te d  in  th e  l i t e r a t u r e  
whose P.M.R. s p e c tra  would be in te r e s t in g  i f  on ly  th e  compounds were 
s u f f i c i e n t ly  s o lu b le . An example o f a d e r iv a tiv e  o f t h i s  type i s  
b is (p h e n o x y )-s ilic o n -p h th a lo c y a n in e , which was re p o rte d  by Kenney
This compound has been s o lu b i l is e d  by th e  s u b s t i tu t io n  o f 
t - b u ty l  groups around th e  p e rip h e ry  o f th e  m acrocycle. The pro tons 
a s so c ia te d  w ith  th e  phenoxy groups would be expected to  experience a 
d e sh ie ld in g  e f f e c t  from t h e i r  own phenyl rin g s  and hence a dow nfield 
s h i f t .  However th e  whole of th e  phenoxy groups a re  in  th e  s tro n g ly  
sh ie ld in g  re g io n  o f th e  phthalocyanine m acrocycle and so would be 
expected to  experience  a la rg e  u p f ie ld  s h i f t .  The p re c ise  magnitude 
o f th e  l a t t e r  e f f e c t  was not known.
i i )  B is(phenoxy)—s i l io o n —t e t r a k i s ( 4- t - b u t y l )—p h th a lo cy an in es
(24) ( 82 )
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The P.M.R. spectrum  of b is (p h e n o x y )T s i l ic o n - te tr a k is (4 - t-b u ty l) -  
pht halo  cyanine i s  shown in  F ig . XIV. An in te r e s t in g  fe a tu re  of th e  
spectrum  was th a t  th e  arom atic  p ro tons a s so c ia te d  w ith  the  p h th a lo -  
cyanine m acrocycle, appeared to  be re so lv e d . This i s  presum ably due 
to  th e  p resence of th e  alkoxy s u b s t i tu e n ts  which preven t ag g reg a tio n , 
as suggested  e a r l i e r .  Also th e  t - b u ty l  s ig n a l ,  even in  co n cen tra ted  
s o lu t io n ,  was no t s p l i t ,  as i t  was in  th e  case of th e  m etal f r e e  and 
n ic k e l compounds. This i s  f u r th e r  support f o r  the  th e o ry  th a t  the  
abnormal s p l i t t i n g  of th e  corresponding  s ig n a l observed in  th e  P.M.R. 
s p e c tra  o f the  m etal f r e e  and n ic k e l complexes was due to  m olecular 
a g g reg a tio n , and not to  p o s i t io n a l  isom erism . However, th e  s im p lic i ty  
o f th e  spectrum  does not by i t s e l f  e lim in a te  th e  p o s s ib i l i ty  o f an 
isom er m ixture be in g  p re s e n t . Indeed, as w ith  th e  t e t r a k i s ( 4- a lk y l )— 
m etal f r e e  and n ic k e l d e r iv a t iv e s ,  none of th e  d i-a lk o x y -s i l ic o n -  
t e t r a k i s  (4- a lk y l)  -p h t halo cyanines could be ob ta ined  in  a c r y s ta l l in e  
s t a t e ,  which s tro n g ly  suggested  th a t  each of th e se  compounds i s  a 
m ixture o f p e r ip h e ra l  p o s it io n a l  isom ers.
The phenoxy group, he ld  im m ediately above th e  cen tre  o f th e  
arom atic  m acrocycle, as expected , proved to  be o f i n t e r e s t .  The 
p ro tons a s so c ia te d  w ith  th i s  phenyl r in g  appeared as two sharp  
m u lt ip le ts  c en tred  a t  4 . 35x a n d  7 . 52x  corresponding  to  3 and 2 p ro tons 
r e s p e c tiv e ly . The band envelope of th e se  peaks showed a s im i la r i ty  
in  re v e rse  to  th a t  from th e  r in g  p ro tons o f acetophenone, where the
(Q-i)
cx -p ro to n s  re so n a te  a t lower f i e l d  from th e  A and pro tons
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B is(g -n itrophenoxy) and b is (p -m e th o x y p h e n o x y )-s ilic o n -te tra k is
(4- t-b u ty l) -p h th a lo c y a n in e s  were p repared  by th e  re a c t io n  o f
d i chio ro~s i 1i  c o n - te t r a k is (4- t - b u t y l )-ph tha locyan ine  w ith  p -n itro p h en o l
and p-methoxyphenol re sp ec tiv e ly *  The P.3VI.R. s p e c tra  o f th e se
1 1compounds a re  shown in  P ig . XV. The AA XX system  a sso c ia te d  w ith  
th e  p - s u b s t i tu te d  phenoxy group was not f u l l y  re so lv ed , th e  l in e s  
appearing  as two d o u b le ts . In  th e  case o f b is (p -n itro p h e n o x y )-  
s i l i c o n - t e t r a k i s ( 4- t - b u t y l ) -p h th a lo cy an in e , th e  doub le ts  were 
cen tred  a t  3 .45  X and 7 «5T*and in  th e  p-methoxyphenoxy analogue th ey  
were cen tred  a t  4«88Xand 7»62T. The p-mothoxy pro tons appeared as 
a s in g le t  a t  7 *0 Xand hence even th e se  su ffe re d  co n sid erab le  sh ie ld in g  
by th e  m acrocycle.
The main purpose in  th e  p re p a ra t io n  of th e se  compounds was to  
s tu d y  th e  e f f e c t s  of e le c tro n  w ithdraw ing and e le c tro n  donating  
groups in  th e  p a ra -p o s i t io n  o f th e  phenyl r in g  upon th e  r a te  of 
h y d ro ly s is  o f th e se  compounds. I f  th e  mechanism o f h y d ro ly s is  
involved  n u c le o p h ilic  a t ta c k  on th e  s i l i c o n  atom, (Big* XVl(a)) 
th e n  th e  h y d ro ly s is  r a t e  would be expected to  be g re a te r  in  the  case 
o f a p -n i t ro  s u b s t i tu e n t .
The mechanism suggested  by Kenney i s  i l l u s t r a t e d  in  
P ig . X V l(b), and invo lves an in te rm ed ia te  s ilic o n iu m  io n . In  th i s  
c ase , th e  s u b s t i tu t io n  of a p -n it ro  group would be expected to  decrease 
th e  r a te  o f h y d ro ly s is  bu t a j> methoxy group would in c re ase  the  
h y d ro ly s is  r a t e .
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I t  was shown, in  p ra c t ic e ,  th a t  the  h y d ro ly s is  of the  p-methoxy- 
phenoxy d e r iv a tiv e  was very  much f a s t e r  th an  th e  g -n itrophenoxy 
compound. Hence th i s  i s  f u r th e r  evidence fo r  th e  mechanism suggested  
by Kenney.
i i i )  B is (oc tadeo~ 9(cis  )-en-1~o x .y ) - s i l ic o n - te tr a k is  (4 - t-b u ty l  ) -
ph t halo oyanine: The P.M.R. spectrum  of b is (o c ta d e c -9 (ci s )-en -1 -o x y )-
s i l ic o n - te t r a k is ( 4 - t -b u ty l ) -p h th a lo c y a n in e  was ob ta ined  in  d e u te r io -  
chloroform , in  o rd e r to  compare th e  h igh  f i e l d  s ig n a ls  w ith  those  o f 
th e  p a ren t compound, w ithout p e r ip h e ra l s u b s t i tu t io n .  The chemical 
s h i f t  o f theoC—methyleno group in  th e  alkoxy chain  was found to  be 
12 .03xw hich  was id e n t ic a l  w ith  th a t  o f th e  analogue w ithout t - b u ty l  
groups, re p o rte d  in  S ec tio n  I .  The l in e s  a s so c ia te d  w ith  th e  
alkoxy ch a in  were broadened, in d ic a t in g  r e s t r i c t e d  movement o f the  
ch a in . I t  would appear th a t  th e  s u b s t i tu t io n  o f a lk y l groups around 
th e  p e rip h e ry  o f the  r in g  had l i t t l e  e f fe c t  upon the  s iz e  o f the  
induced r in g  c u r re n t .  The r in g  p ro tons o f the  m acrocycle again  
appeared re so lv ed  and th e  chem ical s h i f t s  were s im ila r  to  those  of 
th e  phenoxy analogue.
iv )  B is (m e th o x y ) -s il io o n - te tra k is (4 - t-b u ty l) -p h th a lo o y a n in e t This 
compound was p repared  as d esc rib ed  e a r l i e r  and i t s  P.M.R. spectrum  
in d ic a te d  th a t  m olecular ag g reg a tio n  was ag a in  in h ib i te d  even 
though th e  alkoxy group was sm all. Experim ents w ith  th e  compound 
showed th a t  none of th e  chem ical s h i f t s  were co n cen tra tio n  dependant 
(P ig . X I l) .  The arom atic  p ro tons o f th e  macrocycle were re so lv ed  and
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appeared to  re so n a te  a t  s im ila r  f i e l d  to  o th e r  d i-a lk o x y -s i l ic o n -  
t e t r a k i s  (4- t - b u ty l )  -p h t halo cyanines (Fig* X V IIl) . Hence i t  i s  
suggested  th a t  th e  n a tu re  of th e  c e n tra l  m etal alkoxy s u b s t i tu e n t  
has l i t t l e  e f f e c t  upon th e  s iz e  o f th e  induced r in g  cu rre n t and 
th e re fo re  upon the  a ro m a tic ity  of th e  s i l i c o n  p h tha locyan ine . The 
methoxyl s ig n a l appeared as a sharp  s in g le t  a t  1 1 .7 5 T as  a r e s u l t  of 
th e  diam agnetic sh ie ld in g  by th e  macrocycle* The sharpness o f the  
s ig n a l in d ic a te d  com pletely  f r e e  ro ta t io n  o f a l l  bonds a sso c ia te d  
w ith  th e  methoxy group and so th e  chemical s h i f t  was a tru e  average 
v a lu e •
Comparison o f th e  chem ical s h i f t  o f th e  methoxyl s ig n a l w ith  
th a t  o f theoc-m ethylene group along  th e  a lk y l ch a in  in  th e  case of 
long  chain  alkoxy compounds showed th a t  th e  methyl appeared to  lower 
f i e l d  th an  th e  methylene s ig n a l .  This i s  added con firm ation  fo r  
th e  h y p o thesis  suggested  in  S e c tio n  I ,  th a t  com pletely  f r e e  movement 
was not p o s s ib le  in  th e  a lk y l chain  of d i-a lk o x y -s ilic o n -p h th a lo c y a n in e s . 
The methylene p ro tons in  F ig . XVII(b) sweep out a more r e s t r i c t e d  volume 
o f space , c lo s e r  to  th e  m acrocyclic  r in g  th an  do th e  methyl p ro tons 
in  F ig . X V II(a)•
Hence th e  average chemical s h i f t  o f th e  p ro tons a sso c ia te d  w ith  
th e ^ -m e th y le n e  group would be to  h ig h e r f i e l d  th an  th e  methyl s ig n a l .
v) B is (m e th o x y )-s ilic o n - te tra k is (4 -n -p e n ty l) -p h th a lo c y a n in e  s The
p re p a ra tio n  o f th i s  compound has been d esc rib ed  e a r l i e r .  The P.M.R.
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spectrum  in  deu terio ch lo ro fo rm  was ob ta ined  and showed a l l  th e  expected 
f e a tu r e s .  The h igh  f i e l d  methoxy pro tons came to  resonance a t  
1 1 .7 5 X , which was an id e n t ic a l  s h i f t  to  th a t  observed in  th e  case of 
th e  t - b u ty l  s u b s t i tu te d  m acrocycle. This confirm ed th e  su p p o sitio n  
th a t  th e  n a tu re  of th e  a lk y l s u b s t i tu e n t  had l i t t l e  e f f e c t  on the  
diam agnetic sh ie ld in g  o f th e  m acrocycle.
The arom atic  p ro tons of th e  m acrocycle were ag a in  h ig h ly  re so lv ed  
bu t th e  band envelopes were o f d i f f e r e n t  shape from those  of th e  
analogous t - b u ty l  s u b s t i tu te d  p h th a lo cy an in es .
The arom atic  reg io n s  of th e  sp e c tra  of b is (m e th o x y )-s ilic o n -  
t e t r a k i s ( 4 - t - b u t y l ) -p h th a locyan ine  and b is (m e th o x y ) -s i l ic o n - te tra k is  
(4_n-p e n ty l)-p h th a lo cy a n in e  have been in te rp re te d  on a f i r s t  o rd er 
b a s is  and a re  shown in  F ig s . XVIII and XIX. The para  coupling? which 
would in  any case be very  sm all? was taken  to  be zero? in  o rd er to  
s im p lify  th e  c a lc u la t io n .  I n s u f f ic ie n t  r e s o lu t io n  could be ob ta ined  
a t  60 Mc/s f o r  a complete in te r p r e ta t io n .  A spectrum  a t  100 Mc/s 
i s  a t  p re sen t be ing  obtained? b u t a t  th e  tim e o f  w ritin g  was not 
a v a ila b le  f o r  s tu d y . The chem ical s h i f t s  and coupling  co n stan ts  
a re  shoxm in  Table IX.
I t  can be seen  th a t  'O , and in  th e  case of the  t -b u ty l
A
s u b s t i tu te d  m acrocycle a re  0 .26  and 0.31 p .p .m . to  lower f i e l d  th an
in  th e  case of e i th e r  th e  n -p en ty l s u b s t i tu te d  compound, o r in  th e
(32)methyl s u b s t i tu te d  m acrocycle, as rep o rte d  by Sammes • This was 
not expected in  term s o f th e  r e l a t iv e  in d u c tiv e  e f fe c ts  o f t - b u ty l  and
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n -p e n ty l. In s te a d , an u p fio ld  s h i f t  would "be expected# This 
d e sh ie ld in g  e f f e c t  o f a t —bu ty l group a tta ch e d  to  a phenyl r in g  upon 
th e  o -p ro to n s  of th e  r in g  has heen re p o rte d  p r e v i o u s l y . I t  
has been a t t r ib u te d  to  in tram o le c u la r  van der Waals fo rc e s  between 
th e  bulky t - b u ty l  group and th e  ad jacen t £ -p ro to n s .
ha 1
. ha _____________
S) 1
A
0 .56  r 0 .3 0  X
0*46 X O.43  X
Ox 1.86 X 1-55 X
£ ax 1.40  p#p.m# 1.12 p .p .m .
A1X
1#7 c /s 1 .8  c /s
J AX 7 .8  c /s 8 .0  c /s
TABLE IX
C) Experim ental
5 -n -P e n ty l-1 , 3~ d iim ino iso indo line
4 -n -P en ty l p h th a lo n i t r i le  0#Og) was heated  in  a sea led  tube 
w ith  l iq u id  ammonia (3ml) and methanol a t  110° f o r  4 hours#
The s o lu t io n  was th en  removed and was co n cen tra ted  under reduced
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p re s su re . Most of the  so lv en t was removed and a pa le  yellow  s o l id  
was seen  to  s e p a ra te , and was f i l t e r e d  from th e  s o lu t io n . I t  was 
washed w ith  a l i t t l e  methanol and was d r ie d . 5~n~ P en ty l-1 ,3 -  
d iim in o iso in d o lin e  was o o lle o te d  as a yellow  s o l id .  Y ield  680mg
( 62 . 5$ ) .
5 -n -P e n ty l-1 ,3 -d iim in o iso in d o lin e  was c h a ra c te r is e d  as i t s  
p ic r a te  hy adding a s o lu tio n  of p ic r ic  a c id  in  e thano l to  a s o lu tio n  
o f th e  im idine in  e th an o l. The p ic r a te  sep a ra te d  im m ediately as a 
yellow  s o l id  which was r o c r y s ta l l i s e d  from d io x an /w ater, m.p. 270°
C25 H23 N9 ° 1 4  re(lu ire s  0 = 44.58 H = 3.44 U = 18.72#
Pound C = 44.30 H = 4 . 7O? U = 18 .66#
B is (m e th o x .y )-s ilio o n - te tra k is (4 -n -p e n ty l)-ph tha locyan ine
a) D ic h lo r o - s i l ic o n - te t r a k is ( 4-n -p e n ty l)-p h tha locyan ine
5-n - p e n ty l - 1 , 3-d iim in o iso in d o lin e  (300mg), s i l i c o n  te t r a c h lo r id e  
(0 .4  ml) and q u in o lin e  (5ml) were heated  slow ly  to  re f lu x  during  
30 m inutes and heated  a t  r e f lu x  fo r  a f u r th e r  30 m inutes. Upon 
co o lin g , th e  r e a c t io n  m ixture was d i lu te d  w ith  methylene d ic h lo r id e , 
and th e  m ixture was f i l t e r e d  to  remove in so lu b le  m a te r ia l . The
f i l t r a t e  was washed w ith  d i lu te  hy d ro ch lo ric  a c id  (3 x 100ml) and
th en  tw ice w ith  w a ter. The s o lu t io n  was d rie d  over magnesium 
su lp h a te  and evaporated  to  dryness g iv in g  crude d ic h lo ro - s i l ic o n -  
t e t r a k i s ( 4-n -p e n ty l) -p h th a lo c y a n in e •
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b) B is (methoxy ) - s i l io o n —'te t r a k is  (4 -n -p en ty l )-ph thalocyan ine
D ic h lo ro -s il ic o n - te tra k is (4 -n -p o n ty l) -p h th a lo c y a n in e , p repared  
above, was d is so lv e d  in  a m ixture of xylene (10ml) and methanol (5m l), 
and th e  m ixture was re f lu x e d , w ith  s t i r r i n g  fo r  3 hou rs. The so lu tio n  
was f i l t e r e d  and th e  s o l id  was washed w ith  benzene. The f i l t r a t e  
and washings were evaporated  to  dryness by ro ta r y  ev ap o ra tio n  and the  
re s id u e  was d isso lv e d  in  d ry  benzene. The s o lu tio n  was chromato­
graphed on d e a c tiv a te d  alum ina (Brockmann a c t i v i t y :  2) u s in g  benzene 
as e lu e n t . The f a s t  moving b lu e -g re e n  band was c o lle c te d  and 
evaporated  to  d ry n ess. The s o l id  was worked up w ith m ethanol.
Y ield  32mg (1 0 .4 # ).
H62 S i0 2 re q u ire s  C = 73*43 H = 7.08 N = 12.69#
Pound C = 73.29 H = 7*16 IT = 12.71#
5 -t-B u ty l-1 ,3 -d iim in o iso in d o lin e
4 -t-B u ty l p h th a lo n i t r i le  (5g) was d is so lv e d  in  methanol (35ml) 
in  a C arius tu b e , and l iq u id  ammonia (1 2 .5ml) was added. The tube
was sea led  and was heated  a t  110° fo r  4 hours. Upon co o lin g , th e
tube was opened, and 5~"'k~^ uty l~ 1 ,3 -d iim in o iso in d o lin e  was c o lle c te d  as 
a c o lo u rle ss  c r y s ta l l in e  s o l id  by f i l t r a t i o n  of th e  r e a c tio n  m ix tu re . 
Y ield  3»4g (62#).
The product was c h a ra c te r is e d  as i t s  p ic r a te  by adding a 
s o lu t io n  of p ic r ic  a c id  in  e th an o l to  an e th a n o lic  s o lu tio n  of the  
im id in e . The p ic r a te  was p re c ip i ta te d  im m ediately and was r e c r y s t a l -
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l i s e d  from 50# aqueous d ioxan , m.p. 278° (decomp.)#
C18 H^g re q u ire s  C = 50*23 H = 4*22 IT = 19»53#
Pound C « 50.32 H « 4*16 IT -  19*36#
D ic h lo ro - s i l ic o n - te t r a k is  (4 - t—'b u ty l)-p h t halo  cyanine
5 - t-B u ty l-1 , 3 -d iim in o iso in d o lin e  (300mg), s i l i c o n  te tr a c h lo r id e  
(0.4m l) and q u in o lin e  (5ml) were heated  slow ly  to  re f lu x  d u ring  30 
m inutes and re f lu x e d  fo r  30 m inu tes. Upon co o lin g  th e  mass was 
d isso lv e d  in  m ethylene d ic h lo r id e  and washed w ith  d i lu te  h y d ro ch lo ric  
ac id  (3 x  100ml) and th e n  w ith  w a ter. The o rgan ic  s o lu tio n  was 
f i l t e r e d  and d rie d  over anhydrous sodium s u lp h a te . I t  was evapora­
te d  c a r e fu l ly  to  dryness and d ic h lo r o - s i l i c o n - te t r a k i s ( 4- t - b u t y l ) -  
ph t halo cyanine was c o lle c te d . Y ield I87mg (66/b).
B is ( p h e n o x y ) - s i l io o n - te tr a k is (4 - t- b u ty l) -p h tha locyan ine
D ic h lo ro -s i l ic o n - te tra k is (4 - t-b u ty l) -p h th a lo c y a n in e  (l80mg) was 
h eated  w ith  phenol (500mg) in  re f lu x in g  xylene (10m l), fo r  3 hou rs .
The re a c t io n  was fo llow ed by T .L .C . The so lv en t was removed by 
r o ta ry  ev ap o ra tio n  and th e  s o l id  was d isso lv ed  in  benzene. The 
benzene s o lu t io n  was chromatographed on alum ina and th e  f a s t  moving 
b lu e -g reen  was c o lle c te d . E vapora tion  of th e  so lv en t fo llow ed by 
work up w ith  methanol y ie ld ed  b is ( p h e n o x y ) - s i l ic o n - te t r a k is (4 - t - b u ty l ) -  
p h th a lo cy an in e .
Cp.^  H,-  ^ Nq SiOg re q u ire s  C = 74*20 H *» 6.11 IT = 12.82 S i = 3*21#
Pound C = 74*56 H =  6.16 IT -  10.86 S i » 3*12#
10.96
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B is(p -n itro p h e n o x y )-s il ic o n —to t r a k i s ( 4 - t - b u ty l ) -ph tha locyan ine
The procedure used in  th e  'p rep ara tio n  of t h i s  compound was id e n t ic a l  
w ith  th a t  of b is ( p h e n o x y ) - s i l ic o n - te tr a k is (4- t-b u ty l) -p h th a lo c y a n in e  
except th a t  £ -n itro p h en o l was used in  p lace  of phenol. Chromato­
graphy o f th e  p roduct and ev ap o ra tio n  of the  so lv en t y ie ld ed  
b is ( £ -n i t ro p h e n o x y ) - s i l ic o n - te t r a k is (4- t-b u ty l) -p h th a lo c y a n in e .
C6Q H 6 N10 06 S i re q u ire s  C = 69 .21 H = 5 .4 2  IT « 13*45 S i -  2*70#
Pound C = 69.75  H = 5*89 N -  12.36 S i = 3*20#
B is (p -m eth o x .y p henoxy)-silicon -te trak is  (4- t - b u t y l )—phthalo  cyanine
5 - t-B u ty l-1 ,3 -d iim in o iso in d o lin e  (800mg) was heated  w ith  s i l i c o n  
te t r a c h lo r id e  ( 1ml) and q u in o lin e  ( 10ml) a t  r e f lu x  fo r  30 m inutes.
The procedure which was used was id e n t ic a l  w ith  th a t  d esc rib ed  above.
The d ich lo ro  compound was allow ed to  r e a c t  w ith  £-m ethoxyphenol.
The pigment was is o la te d  a f t e r  chromatography. Y ield l85mg (19#)*
C62 H62 1J8 Si0 4 re(lu ire s  0 = 73-63  H = 6.18 IT = 11.08  S i = 2 . 78#
Found C = 74.55 H = 6.37 2T = 10.09 S i = 2 . 98#
B is ( o c ta d e c - 9 (c is ) e n - 1 -o x y ) - s i l ic o n - te tr a k is (4- t-b u ty l) -p h th a lo c y a n in e
D ic h lo ro - s i l ic o n - te tra k is (4 - t-b u ty l) -p h th a lo c y a n in e  was allow ed 
to  r e a c t  w ith  o le y l a lcoho l under th e  u su a l c o n d itio n s . The e lu a te ,  
a f t e r  chrom atography, was evaporated  to  dryness and f i n a l l y  heated  on 
a steam b a th  under high vacuum to  remove l a s t  t r a c e s  of s o lv e n t. The
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b lu e  o i l  which remained was an aly sed .
C84 H118 ITg S i0 2 re q u ire s  C = 77*61 H = 9 .15  N f  8 .6 9  S i = 2 .1 6#
Pound C = 78.51  H = 9*25 IT “ 8.39 S i = 2.43#
Bis (m e th o x y )-s il ic o n - te tra k is  (4- t - b u ty l  )-ph thalocyan ine
D ic h lo r o - s i l ic o n - te t r a k is ( 4- t-b u ty l) -p h th a lo c y a n in e  (480mg) 
was heated  in  xylene (20ml) w ith  methanol (5ml) to  60° fo r  30 m inutes. 
The product was worked up accord ing  to  th e  u su a l procedure and was 
d r ie d  under vacuum. Y ield 296mg (62*5#)*
C,_q H^ 4 3Tg S i0 2 re q u ire s  C = 72.60 H *= 6 .5 8  IT = 13*55 S i = 3*39/°
Pound C = 72*99 H = 6 .66  IT *= 11.23 S i = 3*15#
11.32?
SECTION IV
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T IN-PHT HALO CYAHINES
A) D i-a lk y l- t  in -p h t halo cyanines
The attachm ent of alkoxy chains to  th e  c e n tr a l  m etal of th e  
s i l i c o n  ph thalocyan ines has heen shown to  he a s u i ta b le  method of 
s o lu b i l i s in g  th e se  compounds. I t  has been found re c e n tly  th a t  t h i s  
method could a lso  be ap p lied  to  the  germanium analogues w ith  eq u a lly  
su c c e ss fu l r e s u l t s ^ ^ .  A reasonab le  ex ten s io n  of t h i s  work 
aijpeared to  be in  th e  a p p lic a t io n  of th i s  p r in c ip le  to  o th e r group IV 
elem ents? and in  p a r t i c u la r  to  t i n .
A ll a ttem p ts  to  p rep are  th e  corresponding  d i-a lk o x y  t i n  com­
pounds by th e  r e a c t io n  o f d ic h lo ro -tin -p h th a lo c y a n in e  w ith  long 
chain  a l ip h a t ic  a lcoho ls?  u sing  a wide v a r ie ty  o f co n d itio n s  f a i l e d .
No re a c t io n  appeared to  tak e  p la c e .
Complete decom position of th e  macrocycle has been re p o rte d  in
(17)th e  l i t e r a tu r e ?  u sin g  sodium alkox ides^  '  and t h i s  may be due to  
th e  fo rm ation  of an u n s tab le  d i-a lk o x y -tin -p h th a lo cy a n in e  which 
im m ediately decomposed. A lkoxy-tin  d e r iv a tiv e s  a re  in  g en era l 
r e l a t i v e ly  u n s ta b le  compared w ith  a lk o x y -s il ic o n  compounds. However? 
a lk y l t i n  compounds a re  found to  have rem arkable s t a b i l i t y  and can be 
d i s t i l l e d  a t  h igh  tem peratu res w ithout decom position.
An e x ten s io n  of t h i s  work was the  attem pted  p re p a ra tio n  of 
d i-a lk y l- t in -p h th a lo c y a n in o s . E a r l i e r  a ttem p ts  by L in stead  and
coworkers in  t h i s  f i e l d  had fa i le d ?  bu t in  view of th e  work on
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(33)s i l i c o n  d e r iv a t iv e s ' , i t  was thought u se fu l to  re p e a t th i s  work. 
D i-b u ty l - t in -d ic h lo r id e  was allow ed to  re a c t  w ith  1 , 3-d iim in o iso in -  
do l i n e ,  and a lso  w ith  p h th a lo n i t r i le  in  an a ttem pt to  p repare  
h is (n -b u ty l) - t in -p h th a lo c y a n in e . However, in  bo th  cases th e
■product which was is o la te d  was shown to  be d ic h lo ro - t in -p h th a lo -  
cyan ine. This r a th e r  p e c u lia r  re a c t io n  presum ably invo lves th e  
e lim in a tio n  o f th e  b u ty l groups in  some form , bu t t h i s  has not been 
in v e s t ig a te d  f u r th e r .
Assuming th a t  th e  e lim in a tio n  o f an a lk y l group i s  p o ss ib le  
in  t h i s  r e a c t io n ,  th e  use o f a t e t r a - a l k y l - t i n  would be expected to  
le ad  to  th e  fo rm ation  o f a d i-a lk y l- t in -p h th a lo c y a n in e . T e tra -  
h e x y l- t in  was p repared  and was allow ed to  r e a c t  w ith  1 , 3-d iim in o iso in ~  
d o lin e  and a lso  w ith  p h th a lo n i t r i l e .  In  n e i th e r  case could any 
m e ta lla te d  ph thalocyan ine  be i s o la te d  and only  a t ra c e  of m etal f r e e  
ph tha locyan ine  was o b ta in ed .
The reaso n  fo r  th e  absence of re a c t io n  may be due to  th e  sp h e r ic a l
symmetry o f th e  t e t r a - a l k y l - t i n  compound. A more su cc e ss fu l
approach may be th e  use o f t r i a lk y l - t i n - h a l id e s  or a t e t r a - a l k y l - t i n  
compound having more th an  one type  of a lk y l s u b s t i tu e n t .  No a ttem p ts
along  th e se  l in e s  were made bu t th e re  appears to  be no reaso n  why
d i-a lk y l- t in -p h th a lo c y a n in e s  should  not be reaso n ab ly  s ta b le .
B) B is (p h th a lo c y a n in e )- tin
i )  In tro d u c tio n t Nothing has been desc rib ed  so f a r  as to  use o f P.M.H.
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spec tro sco p y  to  e lu c id a te  ambiguous s t r u c tu r a l  fe a tu re s  in  p h th a lo ­
cyanine compounds.
An example o f a phthalooyanino whose s t ru c tu re  has never been
f u l l y  e lu c id a te d  i s  th a t  which was p repared  by L instead  and coworkers 
(17)in  1936 , by th e  re a c t io n  of d ic h lo ro -tin -p h th a lo c y a n in e  w ith
disodiuin p h th a lo cy an in e . The product was named s ta n n ic  p h th a lo -
cyanine but no experim ental p ro o f of s t ru c tu re  was given  a p a r t from
a n a ly t ic a l  r e s u l t s  which in d ic a te d  two ph thalocyan ine  re s id u es  p e r
t i n  atom. The compound was co n sid e rab ly  more so lu b le  in  benzene
th an  most o th e r  ph thalocyan ines which had been p rep ared , and when
rep rep ared  in  1 9 6 1 ^ ^  was i s o la te d  by column chromatography o f a
benzene s o lu t io n . The v i s ib le  spectrum  was a ty p i c a l , . a  n o tab le  fe a tu re
b eing  an u n u su a lly  low energy band a t  774 no t observed in  o th e r
p h th a lo cy an in es , and th i s  in d ic a te d  th a t  i t  was not a ’norm al'
p h thalocyan ine  complex# E lv idge showed by t i t r a t i o n  w ith  potassium
dichxomate th a t  th e  compound was in  f a c t  a complex of t i n  in  i t s
C 87 ^o x id a tio n  s t a t e  IV ' • Hence th e  m etal had not undergone any
re d u c tio n  to  th e  stannous s ta t e  d u ring  th e  p re p a ra tio n  o f th e  2  s 1
( 88)complex. I t  was shown by Sammcs ' th a t  th e  2 s 1 complex was 
l i g h t  s e n s i t iv e  and underxfent slow photodecom position to  a m etal f r e e  
d e r iv a tiv e  and a t i n  IV complex, which was not c h a ra c te r is e d . Kenney 
and coworkers in  1964^ ^ *  showed th a t  therm al decom position of 
b is (p h th a lo c y a n in e ) - t in  le ad  to  a m ixture of m etal f r e e  phthalocyanine 
and stannous ph th a lo cy an in e . A ttem pts to  p repare  samples o f . th e
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compound. f o r  s in g le  c ry s ta l  X -ray s tu d ie s  had f a i l e d  because of th e  
d i f f i c u l ty  in  c r y s ta l l i s in g  th e  m a te r ia l .  The complex c r y s ta l l i s e d  
as sm all n eed les  and i t  was found very  d i f f i c u l t  to  o b ta in  c ry s ta ls  of 
s u i ta b le  s iz e  f o r  X -ray work.
I t  has been suggested  th a t  the  compound may be an 8-c o -o rd in a te
(90)complex of t i n  , bu t l i t t l e  evidence has been put forw ard fo r  
t h i s  th e o ry . However th e  s im i la r i ty  o f th e  I .E .  spectrum  of th i s  
complex w ith  o th e r  ph thalocyan ines has been suggested  as evidence fo r  
th e  p la n a r i ty  o f th e  r in g s .
The evidence a v a ila b le  h a rd ly  supports  any one of th e  p o ss ib le  
s t ru c tu re s  f o r  th e  complex to  th e  r ig id  ex c lu s io n  of th e  o th e rs .
The on ly  fe a tu re  which appeared to  s tan d  out was th e  p e c u l ia r i ty  in  
th e  v i s ib le  a b so rp tio n  spectrum  which suggested  th a t  th e  arom atic  
r in g  was in  a unique environm ent. Suggestions as to  the  s t ru c tu re  
of th e  complex have been based upon the  equ ivalence of th e  two 
ph thalocyan ine u n i ts  bu t t h i s  had not been proved, to  d a te . I t  may 
be in  f a c t  th a t  the  t i n  atom i s  c e n tr a l ly  s i tu a te d  in  one p h th a lo ­
cyanine r in g  and th a t  th e  second r in g  i s  ’c o -o rd in a te d ’ to  th e  m etal 
atom in  some way. This cannot e a s i ly  be envisaged but indeed the  
d eg rad a tiv e  ev idence , bo th  photochem ical and therm al would support 
such a s t r u c tu r e .
A f u r th e r  p o s s ib i l i ty  was th a t  th e  t i n  atom, in  o x id a tio n  s ta t e  
IV was te t r a h e d r a l  and was c e n t r a l ly  spaced between th e  two r in g s .
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The t i n  atom may he c o v a le n tly  hound, to  th e  in n e r  r in g  n itro g e n  atoms, 
2 above th e  m etal and 2 below th e  m eta l.
This s t ru c tu re  would in e v i ta b ly  invo lve  some buck ling  o f th e  
ph tha locyan ine  m acrocycle and th i s  would have accounted fo r  th e  
anomolous v i s ib le  o b so rp tio n  spectrum . However te t r a h e d r a l  t i n  IV 
i s  a n o tab ly  u n s tab le  s t a t e  and tends towards an o c tah ed ra l configu­
r a t io n  whenever t h i s  i s  p o s s ib le .  Hence i t  seemed u n lik e ly  th a t  a 
s ta b le  o c tah ed ra l complex such as d ic h lo ro -tin -p h th a lo c y a n in e  should 
bo converted  in to  an u n s tab le  te t r a h e d r a l  c o n fig u ra tio n  w ith  b u ck ling  
o f th e  ph thalocyan ine  r in g  and consequent lo s s  o f a ro m a tic ity .
i i )  D iscu ss io n s In  o rd er to  s o lu b i l i s e  b is (p h th a lo c y a n in e ) - t in ,
t - b u ty l  groups were s u b s t i tu te d  around th e  p e rip h e ry  o f one o f the
r in g s .  D ic h lo ro -tin -p h th a lo cy a n in e  was p repared  by th e  method
(17)suggested  by L in s te a d ' . I t  was is o la te d  and was p u r if ie d  by 
e x tra c t io n a l  c r y s t a l l i s a t i o n .  A b e t te r  method fo r  th e  p re p a ra tio n  
o f th i s  compound however made use o f 1— chlo ronaphthalene as a high 
b o i l in g  so lv en t and re a c t io n  was c a r r ie d  out a t  r e f l u x T e t r a k i s  
(4- t-b u ty l) -p h th a lo c y a n in e —disodium  was p repared  from 4- t - b u ty l  
p h th a lo n i t r i le  and sodium pentoxide in  1 -p en tan o l. D ic h lo ro - tin -  
ph thalo  cyanine was th en  allow ed to  re a c t  w ith  t e t r a k i s ( 4- t - b u t y l ) -  
ph thalocyan ine—disodium  in  1—ch lo ronaph thalene . The apparatus was
blackened w ith  a la cq u e r in  o rd e r to  exclude l ig h t  s in ce  i t  was sus­
pected  th a t  th e  product was p h o to se n s itiv e .
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4- 2Ha
REACTION SCHEME I
Sn
Cl
The so lv en t was removed by d i s t i l l a t i o n  under reduced p re ssu re  
and th e  p roduct was d isso lv e d  in  benzene. The m ixture was 
chromatographed on d e a c tiv a te d  alumina and two hands were observed.
The f i r s t  hand which was h lu e -g reo n  in  co lour was shown to  he t e t r a k i s  
(4- t - b u t y l ) —phthalocyan ine  which was presumed to  a r is e  from dom etal- 
l a t io n  o f th e  disodium  d e r iv a t iv e .  The second band? which was h lu e ? 
was found to  have an id e n t ic a l  v i s ib le  spectrum  to  th a t  found by
f 86 ^Whalloy^ '  f o r  th e  known 2 : 1 complex. The e lu a te  was evaporated  
to  dryness and th e  s o l id  was worked up w ith  m ethanol. T e tra k is  
(4—t- b u ty l ) —b is(p h th a lo c y a n in e )—'tin  was is o la te d  and was shown to  haye 
a h igh  s o lu b i l i ty  in  benzene and chloroform .
Tho P.M.R. spectrum  of th e  compound was ob ta in ed  in  d e u tio -  
chloroform . The arom atic  re g io n  o f th e  spectrum  was very  d if fu se  
and was on ly  observab le  as a ve ry  broad band from 0 -  2 However 
th e  t -b u ty l  s ig n a l appeared as a s in g le t  a t  8.03T* These r e s u l t s  
appeared to  e lim in a te  any su g g es tio n  of r in g  b u ck lin g  s in ce  even very  
s l ig h t  d e v ia tio n s  from p la n a r i ty  would r e s u l t  in  s p l i t t i n g  o f th e  
t - b u ty l  s ig n a l in  th e  P.M.R. spectrum  of th e  compound. The chemical 
s h i f t  o f th e  t - b u ty l  s ig n a l a t  8 . 03 'Cwas a t  low er f i e l d  th an  any
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s ig n a l from th e  t - b u ty l  s u b s t i tu e n ts  in  any of th e  ph thalocyan ines so 
f a r  d iscu ssed  in  S ec tions I I  and I I I .  Hence i t  was concluded th a t  
b o th  r in g s  of th e  compound were p la n a r and arom atic  and th a t  th e re  
was no substance  in  th e  su g g es tio n  th a t  th e  complex was one o f 
te t r a h e d r a l  t i n  in  which th e  two r in g s  were buck led .
However, i t  has s t i l l  no t been proved th a t  th e  two phthalocyan ine 
u n i ts  were sym m etrically  s i tu a te d  w ith  re sp e c t to  th e  t i n  atom. In  
ordor to  p rov ide  some evidence fo r  t h i s ,  t e t r a k i s ( 4- 't - b u t y l ) - b i s ( p h th a lo ­
cyanine )—t i n  was p repared  by an a l te r n a t iv e  method to  th a t  d esc rib ed  
above. D ic h lo r o - t in - te t r a k is ( 4- t - b u t y l )-ph th a lo cy an in e  was p repared
by a llow ing  4- t - b u ty l  p h th a lo n i t r i le  to  re a c t  w ith  anhydrous stannous 
c h lo rid e  a t  250°. The y ie ld  by th i s  method was very  low and a 
b e t t e r  method was found. 5“ 't “3 u ty l - 1 ,3-d iim in o iso in d o lin e  was 
heated  w ith  anhydrous stannous c h lo rid e  in  r e f lu x in g  1-ch lo ronaph­
th a le n e . The ch loronaphthalene so lv en t was removed and th e  product 
was e x tr a c t iv e ly  c r y s ta l l i s e d  from benzene. P u r i f ic a t io n  by chroma­
tography  was no t v e ry  e f f i c i e n t ,  presum ably due to  the  p o la r  n a tu re  
o f d i c h lo r o - t in - t e t r a k i s ( 4- t-b u ty l) -p h th a lo c y a n in e . U nfo rtu n a te ly
th e  compound could not be o b ta ined  a n a ly t ic a l ly  pu re .
(17)Sodium phthalocyanine  was p repared  by s tan d a rd  m ethodsv and 
was allow ed to  re a c t w ith  d i c h lo r o - t in - t e t r a k i s ( 4- t - b u ty l^ p h th a lo ­
cyanine in  re f lu x in g  1-ch lo ro n ap h th a len e . L igh t was again  excluded 
from th e  re a c t io n .  The re a c t io n  m ixture was worked up as in  th e  
f i r s t  p re p a ra t io n  o f t e t r a k i s ( 4- t - b u t y l )—b is (p h th a lo c y a n in e )—t i n .
-1 5 8 -
Sn.2 1 a+
REACTION SCHEME I I
Sn
Thus in  r e a c t io n  scheme I ,  th e  t —b u ty l s u b s t i tu te d  r in g  o r ig in a te d  
from th e  sodium phthalocyan ine  re a c ta n t  w h ils t in  scheme I I  i t  o r ig i ­
na ted  from th e  d ic h lo ro - t in  r e a c ta n t .  I f  th e  two r in g s  of th e  b is  
(p h th a lo c y a n in e )- tin  complex wore not in  eq u iv a len t p o s itio n s  w ith  
re sp e c t to  tho  t i n j  i . e .  i f  th e  t i n  atom was not c e n tr a l ly  s i tu a te d  
between th e  r in g s ,  th en  two d i f f e r e n t  compounds would r e s u l t  by 
th e se  methods o f p re p a ra t io n . However only  a s in g le  product was 
o b ta in ed .
The P.M.R. spectrum  of th e  complex produced by re a c t io n  scheme I I  
was id e n t ic a l  w ith  th a t  from scheme I .  The in f r a - r e d  sp e c tra  of the  
two compounds a re  shown in  P ig s .  XX and XXI. F ig . XX re p re se n ts  th e  
spectrum  of the  complex produced by scheme I ,  and P ig . XXI re p re se n ts  
th e  complex produced by scheme I I .  The s p e c tra  were id e n t ic a l  
in d ic a tin g  th a t  tho same compound was produced by bo th  re a c t io n s .
Hence i t  was concluded th a t  th e  t i n  atom i s  sym m etrically  s i tu a te d  
between the  two ph thalocyan ine  r in g s .
O ther workers have n o ticed  th a t  m e ta l-fre e  ph thalocyanine was 
produced as an im p u rity  in  th e  p re p a ra tio n  of b is (p h th a lo c y an in e )—t i n .  
This was assumed to  a r is e  from d em e ta lla tio n  o f sodium phthalocyanine
i12002000
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2000
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due to  t r a c e s  o f w ater in  th e  s o lv e n t . t-B u ty l s u b s t i tu te d  m etal f r e e  
ph thalocyan ine  was a lso  n o ticed  in  our p re sen t s tu d ie s  u s in g  re a c tio n  
scheme I .
However co n sid e rab le  q u a n t i t ie s  of t - b u ty l  s u b s t i tu te d  m etal 
f r e e  ph thalocyan ine  were recovered  from scheme I I  and th i s  could not 
a r i s e  from  d e m e ta lla tio n  of th e  sodium d e r iv a t iv e  s in ce  u n su b s titu te d  
sodium phthalocyan ine  was used . The d ic h lo r o - t in - t e t r a k i s ( 4 - t - b u ty l ) -  
ph thalocyan ine  used in  th e  r e a c t io n  d id  not co n ta in  any m etal f r e e  
im p u rity  and i t  i s  u n lik e ly  th a t  i t  would s u f f e r  d i r e c t  d e m e ta lla tio n  
d u ring  th e  re a c t io n .  Since p recau tio n s  to  exclude l ig h t  had been 
tak en  throughout i t  i s  u n lik e ly  th a t  pho todegradation  o f the  product 
had tak en  p la c e . This o b se rv a tio n  i s  r a th e r  cu rious s in ce  i t  cannet 
be exp lained  by any o f th e  evidence which i s  a v a ila b le  on th e  complex, 
and th e re  i s  obv iously  a need fo r  more work in  t h i s  f ie ld *
i i i )  C onclusions 8 I t  can be concluded from th e  above reaso n in g  
th a t  th e  two ph thalocyan ine  r in g s  in  th e  b is (p h th a lo c y a n in e ) - t in  
complex a re  eq u iv a len t w ith  th e  t i n  atom e x is t in g  mid-way between 
them. The th e o ry  su g g es tin g  r in g  b u ck lin g  has been d isproved and i t  
i s  concluded th a t  th e  r in g s  rem ain in  a p la n a r c o n fig u ra tio n .
I t  i s  suggested  th a t  b is (p h th a lo c y a n in e ) - t in  may be a t ru e  
’sandw ich1 compound having a s t ru c tu re  s im ila r  to  th e  fe rro cen e  
complexes. F errocene system s have on ly  been observed p re v io u s ly  
w ith  th e  cy c lopen tad ieny l an io n , benzene, and th e  tropy lium  c a tio n .
An arom atic  r in g  w ith  th e  dim ensions o f ph thalocyan ine poses g re a t
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problems when co n sid e rin g  th e  n a tu re  o f the  bonding invo lved . This 
i s  made more d i f f i c u l t  by th e  f a c t  th a t  bonding in  th e  fe rro cen e  
complexes i s  s t i l l  not f u l l y  understood .
S evera l u n su ccessfu l a ttem pts have been made by e a r l i e r  workers 
to  p repare  a sample o f u n su b s ti tu te d  b is (p h th a lo c y a n in e ) - t in  which 
was s u i ta b le  f o r  X -ray s tu d ie s .  S u ita b le  c ry s ta ls  have now been 
p repared  bu t no r e s u l t s  were a v a ila b le  a t  th e  tim e of w r it in g .
However th ey  should e v e n tu a lly  prove th e  s t ru c tu re  o f th e  sandwich 
complex unambiguously.
C) E xperim en ta li
B is (n -bu t y l )- t  in —phthalocyan ine
i )  D ib u ty l- t in -d ic h lo r id e  (2g) was d isso lv e d  in  1-ch loronaph­
th a le n e  (40ml) and p h th a lo n i t r i le  (3*3g) was added. The m ixture was 
heated  slow ly  to  re f lu x  on a m etal b a th  and was re flu x e d  fo r  a 
fu r th e r  3 h o u rs . A re a c tio n  appeared to  tak e  p lace  a t  240° and the 
m ixture slow ly  tu rn ed  g reen . Upon cooling ', th e  re a c t io n  m ixture 
was f i l t e r e d  and a c r y s ta l l in e  s o l id  was o b ta in ed . The substance 
was shown to  be d ic h lo ro - tin -p h th a lo c y a n in e . Y ield  384mg (8 . 6/b).
i i )  D ib u ty l- t in -d ic h lo r id e  (2g) and 1,3 -d iim in o iso in d o lin e  
(3 .8g ) were heated  slow ly  in  1-chloronaphthalene* . The re a c tio n  
m ixture became brown a t  160° and ammonia was evolved . The m ixture 
was re flu x e d  f o r  30 m inutes when th e  s o lu tio n  becamo greon and a s o l id
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was d e p o sited , which was shown to  he d ic h lo ro -tin -p h th a lo c y a n in e .
Y ield  550mg (12$).
(91)Tet rah ex y l-T in  ^  }
Magnesium tu rn in g s  (2g) were added to  d ry  e th e r  (10ml) in  a 250ml 
f la s k .  A m ixture of hexyl hromide (l3«5g) in  e th e r  (10ml) was 
th en  added dropw ise, and th e  m ixture was heated  on a w ater h a th  u n t i l  
r e a c t io n  s e t  in .  The m ixture was th en  re f lu x e d  g e n tly  fo r  30 m inutes.
Anhydrous s ta n n ic  ch lo rid e  (3«5g) was added dropwise over 20 
m inutes and th e  r e a c tio n  m ixture was re flu x e d  f o r  a f u r th e r  hour.
The e th e r  was removed hy d i s t i l l a t i o n  over one hour. A fte r co o lin g ? 
a f u r th e r  p o r tio n  of e th e r  (25ml) was added and the  m ixture was 
cooled in  ic e  w ater (3 . 5° l )  and th en  10$ h y d ro ch lo ric  ac id  ( 17ml) was 
added dropwise to  decompose th e  complex. The e th e re a l s o lu tio n  was 
sep a ra te d  and th e  aqueous la y e r  was e x tra c te d  w ith  e th e r .  A fte r  
d ry ing  over anhydrous calcium  c h lo r id e , th e  e th e r  was removed and 
th e  re s id u e  was vacuum d i s t i l l e d  g iv in g  t e t r a h e x y l - t in  h .p . 172- 176° /
0.8mm? n^ 1.4732? L i t .  h .p .  209°/l0mm? n^ 5 1 .4 7 0 6 ^ 2\
B is (n -h e x y l)- tin -p h th a lo c y a n in e
i )  T e tra h e x y l- t in  (459nig) and p h th a lo n i t r i le  (512mg) were heated  
slow ly  to  r e f lu x  in  1-ch lo ro n ap h th a len e . A fte r  45 m inutes no s o l id  
m a te r ia l was d e p o s ited , even a f t e r  removal o f th e  so lv e n t.
i i )  T e tra h e x y l- t in  (4 5 9 ^ )  and 1,3 -d iim in o iso in d o lin e  (500mg) were
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h eated  g e n tly  to  r e f lu x  in  1-ch lo ro n ap h th a len e , du ring  15 m inutes and 
re f lu x e d  f o r  30 m inutes. A fte r  s tan d in g  o vern igh t 50mg of m etal f r e e  
ph thalocyan ine were d ep o sited .
D ic h lo ro -tin -p h th a lo cy a n in e
i )  P h th a lo n i t r i le  (8g) and powdered anhydrous stannous ch lo rid e  (2*5g) 
were hea ted  to g e th e r  a t  210° f o r  15 m inutes. The product was cooled 
and e x h au s tiv e ly  e x tra c te d  w ith  e th an o l and th e n  d r ie d . I t  was 
e x tr a c t iv e ly  c r y s ta l l i s e d  from o_-dichlorobenzene. Y ield  4S  (58$).
i i )  P h th a lo n i t r i le  (lOg) and anhydrous stannous c h lo rid e  (4g) were 
re f lu x e d  in  1—chloronaphthalene (110ml) fo r  3 hou rs. The re a c t io n  
m ixture was cooled and the  product f i l t e r e d  o f f .  I t  was washed w ith  
benzene and e thano l and th e n  co n tin u o u sly  e x tra c te d  w ith  a c e t ic  ac id  
and e th a n o l. D ich lo ro -tin -p h th a lo cy an in e  was removed and d r ie d .
Y ield  8 .5g  (62$).
T e tra k is  (4 - t—b u ty l )-phthaloc.yanine-disodium
Sodium m etal (3 5 0 ^ )  was allow ed to  re a c t  w ith  d ry  1 -pentanol 
(10ml) and th e  m ixture was h eated  to  r e f lu x .  4 - t-B u ty l p h th a lo n i t r i le  
(4g) was added and the  s o lu t io n  was re flu x e d  f o r  10 m inutes. I t  was 
coo led , f i l t e r e d  and th e  s o l id  washed w ith  a l i t t l e  d ry  propanol and 
th en  w ith  benzene. The pigment was c o lle c te d  and d rie d  under vacuum. 
Y ield 1.07g (25$).
-1 6 4 -
T e tra k ls  (4 - t -b u ty l  ) -b is  (phthalo  cyanine ) - t  in :  (Scheme i )
D ic h lo ro -tin -p h th a lo cy a n in e  (625^g) was heated  in  1 -chloronaph- 
th a le n e  (65ml) a t  re f lu x  f o r  15 m inutes. The apparatus was coated  
w ith  camera b la ck  la cq u e r in  o rd e r to  exclude l i g h t .  T e tra k is (4-t*- 
b u ty l)-p h th a lo cy an in e -d iso d iu m  was added and th e  m ixture was re flu x e d  
f o r  90 m inu tes. The product was d isso lv ed  in  benzene and the  
s o lu tio n  was f i l t e r e d .  Tho f i l t r a t e  was chromatographed on 
d e a c tiv a te d  alum ina. The f i r s t  b lu e  band to  be e lu te d  was shown to  
be t e t r a k i s ( 4- t - b u t y l ) —phthalocyanine and th e  second b lue  band was 
found to  be t e t r a k i s ( 4- t -b u ty l)~ b is (p h th a lo c y a n in e ) - t in .  Y ield
100mg (11-5$ ) .
Cg(D ^64 ^16 re<lu^rQS ^ 23 H = 4»72 N = 16.38  Sn = 8.68$
Found C = 70.08 H = 4*91 N -  16.19 Sn « 8.18$
Pisodium Phthalocyanine
Sodium m etal ( l 8 .g ) was allow ed to  r e a c t  w ith  dry  1-pentanol 
(100ml) and heated  to  ju s t  below r e f lu x .  P h th a lo n i t r i le  (20g) was 
added and the  s o lu tio n  re flu x e d  f o r  10 m inutes and then  f i l t e r e d  h o t. 
The s o l id  was e x tra c te d  w ith  d ry  benzene o v ern igh t and th en  d r ie d .
Y ield  11g (51$).
D ic h lo ro - t in - te tra k is (4 - t-b u ty l) -p h th a lo c y a n in e
1 ,3 -D iim in o iso in d o lin e  ( l .2 g )  was heated  w ith  anhydrous stannous 
c h lo rid e  (450mg) in  1-ch lo ro n ap h th a len e  a t  r e f lu x  fo r  90 m inutes.
t-165-t
Upon co o lin g , th e  s o lu tio n  was f i l t e r e d  and th e  s o l id  was e x tr a c t iv e ly  
c r y s ta l l i s e d  from benzene. F i l t r a t i o n  gave d ic h lo r o - t in - te t r a k is  
(4- t-b u ty l) -p h th a lo c y a n in e * Y ield  450mg (4 1/S). Attempts to  fu r th e r
p u r ify  th e  p roduct by chrom atography, f a i l e d .
T e tra k is (4- t - b u ty l) -b is (p h th a lo c y a n in e ) - t in s  (Scheme I I )
D ic h lo r o - t in - te t r a k is ( 4- t-b u ty l) -p h th a lo c y a n in e  (500mg) was 
h eated  to  r e f lu x  in  1-ch lo ronaph tha lene  (65ml) and f r e s h ly  p repared  
disodium  phthalocyan ine  (500mg) was added. R eflux ing  was continued 
f o r  90 m inutes and tho so lv en t was removed. The re s id u e  was d isso lv ed
in  benzene and f i l t e r e d .  The f i l t r a t e  was chromatographed on alumina
and tho  second b lue  band was c o lle c te d . The e lu a te  was evaporated  
to  dryness and th e  s o l id  was worked up w ith  m ethanol. Y ield 85mg
(11.5 )^.
C80 H64 N16 Sn recluirQS c 88 TO.23 H -  4*72 F = 1 6 .38/S
Found C = 70.31 H « 4*92 F = 16.31
B is (p h th a lo c y a n in e )- tin
D ich lo ro -tin -p h th a lo cy an in e  ( ig )  was added to  1 -chloronaphthalene 
(180ml) and th e  m ixture was re f lu x e d  fo r  20 m inutes. Disodium 
phthalocyan ine (0 .8g) was added and re f lu x in g  continued  fo r  90 m inutes. 
The so lv en t was removed and th e  re s id u e  d isso lv e d  in  benzene and the  
benzene s o lu t io n  chromatographed on alum ina. The b lue band was 
c o lle c te d  and evaporated  to  d ry n ess. The product was e x tr a c t io n a l ly
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c r y s ta l l i s e d  from benzone.
In  o rd e r to  p repare  a h ig h ly  c r y s ta l l in e  sam ple, a s a tu ra te d  
s o lu t io n  in  benzene, of the  pure complex was p repared  and was allow ed 
to  evaporate  s low ly  a t  room tem peratu re  in  th e  dark  over a p e rio d  of 
3 months w ithou t d is tu rb in g  th e  s o lu t io n . The c ry s ta ls  were removed 
from th e  s id e s  o f th e  f l a s k  in  dry  e th e r ,  f i l t e r e d  w ith  g re a t care  
and d r ie d .
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SECTIOF V
i
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AROMATIGITY OF THE MACRO CYCLE
A) In tro d u c tio n
An arom atic  compound has heon desc rih o d  a s ,  "a compound which
(93)w il l  s u s ta in  an induced r in g  c u r re n t11'  . Benzene i s  th e  model
arom atic  system  and i t s  symmetry shows th e re  i s  complete d e lo c a lis a ­
t io n  o f th e  s ix  T f-e le c tro n s*  O ther monocyclic arom atic  systems may
have d i f f e r e n t  degrees of d e lo c a l is a t io n  o f t h e i r  t T-e le c tro n  system s, 
and so may s u s ta in  d i f f e r e n t  e f f e c t iv e  r in g  c u r re n ts .
By m easuring th e  induced r in g  cu rre n t i t  i s  p o ss ib le  to  g a in  
some id ea  of th e  magnitude o f th e  'r f '-e le c tro n  d e lo c a lis a tio n *  P ro ton  
chem ical s h i f t s  p rovide th e  b e s t  way of m easuring the  induced r in g  
cu rre n t and hence give a measure of th e  degree o f th e  - r f -e le c tro n  
d o lo c a l is a t io n .  By comparing th e  p ro ton  chemical s h i f t  o f a 
s u i ta b le  group a tta ch e d  to  th e  arom atic  r in g  w ith  th a t  o f a s im ila r  
group a s so c ia te d  w ith benzene, a f t e r  making allow ances f o r  m olecular 
dim ensions e t c . ,  a va lue  fo r  th e  a ro m a tic ity  of the  compound can be 
o b ta in ed , w ith  re sp e c t to  benzene as s tan d a rd .
B) C a lcu la tio n
In  o rd e r to  t r e a t  th e  ph thalocyan ine  m acrocycle, i t  i s  b e s t 
considered  as a te trab en zo  s u b s t i tu te d  18 T f -o le c tro n  r in g  system .
This i s  not s t r i c t l y  c o rre c t s in c e  th e re  would be complete d e lo c a li­
s a t io n  over th e  whole system .
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The ohemical s h i f t  of a t - b u ty l  group on th e  p e rip h e ry  o f th e  
ph thalocyan ine  system was considered  as made up from two c o n tr ib u tio n s , 
one from i t s  own phenyl r in g  and th e  o th e r  from th e  in n e r m acrocycle.
The e f f e c ts  o f th e  o th e r  benzene r in g s  on th i s  one group were considered  
to  be n e g lig ib le  as was indeed in d ic a te d  by th e  Johnson-Bovey sh ie ld in g  
diagram
During th i s  work, th e  t - b u ty l  s u b s t i tu te d  m etal f r e e  d e r iv a tiv e  
was considered  and th e  a ro m a tic ity  which was determ ined r e la te s  to  
th e  in n e r m acrocyclic  r in g .  The com bination o f th e  va lues fo r  the  
in n e r m acrocycle and the  o u te r  benzene r in g s  i s  d i f f i c u l t  and was not 
considered  h e re .
The choice of a s u i ta b le  group s u b s ti tu e n t  fo r  s tudy  i s  l im ite d  
(95)(96)j f o r s o lu b i l i t y  re a so n s , bu t th e  t - b u ty l  group was considered  
to  be s u i ta b le  f o r  two rea so n s .
i )  The d is ta n c e  of the "average p ro to n ” o f th i s  group from the  
c en tre  o f each arom atic  r in g  could  e a s i ly  be o b ta ined  s in ce  i t  would 
l i e  in  th e  p lane  of tho m acrocycle.
i i )  The t -b u ty l  p ro tons were s u f f i c i e n t ly  d is ta n t  from th e  r in g s ,  
and th e  heteroatom s th a t  in d u c tiv e  e f fe c ts  could  be n eg lec ted .
The p o in t-d ip o le  approxim ation in d ic a te s  th a t  th e  r in g  cu rren t 
s h i f t  ( i . e .  th e  s h i f t  o f a p ro to n  which can be assigned  e x c lu s iv e ly  
to  th e  induced r in g  c u rre n t)  i s  p ro p o r tio n a l to  the  a rea  of th e  r in g
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and to  th e  number of fT "-e lec tro n s . The s h i f t  a t  a p a r t ic u la r  p o in t 
i s  a lso  in v e rs e ly  p ro p o r tio n a l to  th e  cube o f th e  d is ta n ce  from the  
r in g  c e n tre .
i . e .  R .C .S .O ^A rea of Ring x No’T f -e le c tro n s  x 1_________ ~
(D is t. from cen tre  
o f r in g )
The approxim ation assumes th a t  th e  r in g s  a re  c i r c u la r .  The 
ra d iu s  o f tho  in n e r  r in g  and th a t  of the  benzene r in g  were o b ta ined  
from a s c a le  drawing o f th e  m acrocycle (1 inch  s  iS.), tho  dimensions
(15)tak en  be ing  th o se  o b ta ined  from X -ray m easurem ents' > / . The ra d iu s  
o f th e  in n e r  m acrocycle was tak en  as th e  d is ta n c e  o f th e  cen tre  of 
th e  r in g  to  a b rid g e  n itro g e n  atom.
’’Average” P ro to n s For th e  c a lc u la tio n ?  th e  d is ta n c e  of an ’av e rag e1 
t - b u ty l  p ro to n  from th e  c en tre  o f th e  benzene r in g  and a lso  th e  in n e r 
macrocycle were re q u ire d . The fo llo w in g  approxim ations were made to  
o b ta in  th o se  v a lu e s .
(97)The known dim ensions of a t -b u ty l  group were o b ta in e d '^  ? and 
were superim posed on th e  s c a le  diagram . F ig . XXII i l l u s t r a t e s  the 
method used to  o b ta in  th e  d is ta n c e  of th e  ’average p ro to n ’ from the  
benzene r in g  c e n tre . The C-H d is ta n ce  (x) was p ro je c te d  on to  the  
C-C ax is  as shown and th e  p o in t Z o b ta in ed . The d is ta n ce  MZ was taken  
as th e  d is ta n c e  of the  average p ro ton  from th e  benzene r in g  c e n tre .
This d is ta n c e  was not a p p lic a b le  xfhen th e  in n e r macrocycle was
-1 7 1 -
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co n sid ered . Fig« XXIII i l l u s t r a t e s  th e  way t h i s  new value was 
o b ta in ed . The d is ta n c e  MZ was p ro je c te d  on to  the  ax is  shown and th e  
p o in t Y was tak en  as th e  p o s i t io n  o f th e  average p ro to n , PY gave the  
d is ta n c e  o f th e  average p ro to n  from th e  cen tre  o f th e  m acrocycle.
The observed v a lu es  a re  shown in  Table X
Benzene Ring In n er Macro cycle
Radius ( r )  (2) 1.39 3.3
Ho. .of T f-e lec trons(H ) 6 18
l i s t ,  o f A v e rag e 1 p ro ton  
from c en tre  of r in g  (d )(2 ) 4.17 9.25
TABLE X
The chem ical s h i f t  of th e  t - b u ty l  pro tons a tta ch e d  to  ph th a lo ­
cyanine were ob ta ined  by e x tra p o la t io n  to  i n f i n i t e  d i lu t io n  o f the 
v a lu es  ob ta ined  a t  v a rio u s  c o n cen tra tio n s  of th e  m e ta l-fre e  pigment in  
d eu terio ch lo ro fo rm . The chem ical s h i f t  o f a t - b u ty l  group a tta ch e d  to  
benzene was a lso  re q u ired  and was ob ta ined  from an a u th e n tic  sample 
o f t - b u ty l  benzene in  d eu terioch lo ro fo rm  as s o lv e n t . The chemical 
s h i f t  of a " f r e e ” t - b u ty l  group was ob ta ined  as a reasonab le  approx­
im ation  from th e  s h i f t  o f th e  t - b u ty l  s ig n a l of 2?2 ,4 “trim e th y lp en tan e . 
Here in d u c tiv e  e f f e c ts  would be m inim al. These va lues in  d e u te r io -  
chloroform  compared w ell w ith  l i t e r a t u r e  va lues which were ob ta ined  
in  carbon te t r a c h lo r id e .  They a re  l i s t e d  in  Table XI.
t-B u ty l S igna l (c)
Observed value in
c d c i3
L ite r a tu re  value in  
CC14
(CH3 )3*C-CH2-A lkyl 9.13 9 .1 3 (98)
O *
V
8 .69 8.67^84^
8 .1 4 -
TABLE XI
Prom th e se  o b serv a tio n s  th e  fo llo w in g  v a lues could be d e riv ed :
Ring C urrent S h if t  o f t - b u ty l  due to  m acrocycle = 8 . 69- 8 .14 = 0*55 p«p»m 
Ring C urrent S h if t  o f t - b u ty l  due to  benzene ** 9•  ^ ^9 = 0*44 p#p«m
Maximum p o ss ib le  r in g  c u rre n t s h i f t  f o r  macrocycle ( i . e .  i f  a ro m a tic ity
- D
= E -C*S W .  2  ( r mao.)2 x  Nmao. X (dbenZ. )3
(rv ) 2 K  ( d )x benz. benz. > mac
O.44  x (3«3) 2 x _1<3 x  (4«17) 3 
(1 .3 9 ) 2 6 (9 -25 ) 3
3
=  0.68
• • A ro m atic ity  of the  m acrocycle = 0.55 = ca 81$
0.68
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I t  must be noted however th a t  t h i s  va lue  i s ,  a t  b e s t ,  very- 
approxim ate. The dim ensions o f th e  in n e r m acrocyolio -rf- e le c tr o n  
system  a re  d i f f i c u l t  to  d e f in e . In  th e  c a lc u la t io n  th ey  were assumed 
to  occupy a c i r c l e  whose ra d iu s  corresponded to  th e  d is ta n ce  of the  
m acrocycle c en tre  to  a b rid g e  n itro g e n  atom.
C) A rom atic ity  of B is (p h th a lo c y a n in e )- tin
I f  th i s  compound had a ’sandw ich1 s t r u c tu r e  as was suggested  in  
s e c t io n  IV th en  th e  bonding would presum ably be due to  overlap  o f th e  
T f -e le c t ro n  system  w ith  vacan t m etal o r b i t a l s  which were s u i ta b ly  
o r ie n te d . Hence th e  two f r e e  e le c tro n s  a s so c ia te d  w ith  each macrocycle 
would p robab ly  be d e lo c a lis e d  over th e  arom atic  system .
The c a lc u la t io n  which has been re p o rte d  was c a r r ie d  out again  
u s in g  th e  new v a lu e  f o r  th e  number of d e lo c a lis e d  e le c tro n s . The value 
f o r  th e  a ro m a tic ity  of the  m acrocycle ( i . e .  81$) was used , and i t  was 
p o ss ib le  to  c a lc u la te  th e  expected chem ical s h i f t  o f th e  t -b u ty l  
p ro tons o f th e  sandwich compound.
I t  must be emphasised th a t  many approxim ations have been made in  
th e se  c a lc u la tio n s  but i t  i s  in te r e s t in g  to  note th a t  th e  c a lc u la te d  
chem ical s h i f t  f o r  th e  sandwich compound was 8 .O7T ,  a dow nfield s h i f t  
o f 0 .07 p .p .m . This corresponds w ell w ith  th e  observed chemical 
s h i f t  o f 8 . 03^5 a dow nfield s h i f t  o f 0.11  p .p .m .
When co n sid e rin g  any o th e r  s t ru c tu re  f o r  b is (p h th a lo c y a n in e )- t in ,
-1 7 5 -
a dow nfield s h i f t  in  th e  t -h u ty l  s ig n a l was v e ry  d i f f i c u l t  to  account 
f o r .  Hence th i s  approach seems to  add fu r th e r  p roof th a t  the  s tru c tu re  
of h is (p h th a lo c y a n in e ) - t in  i s  o f a t ru e  sandwich complex.
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